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10.0 SITE-SPECIFIC EVALUATIONS

This section presents site-specific evaluations which summarize analytical results from samples
collected during the RFI at NAVBASE, expected fate and transport of COPCs, and human health-
based and ecological risk assessments. This section is divided into investigatory groups that were

established in the Final Zone C RFI Work Plan (E/A&H, November 1995).

Sampling occurred in phases as presented in Section 2, Volume 1, Final Comprehensive RFI Work
Plan. The first round of sampling was performed per the Final Zone C RFI Work Plan (E/A&H,
November 1995). Organic compound analytical results from the first round were compared to
the USEPA Region III Risk-Based Concentration Table, January-June 1996, June 3, 1996 (RBCs).
Inorganic analytical results were compared reference concentrations, determined as outlined in
Section 5 of this report, or to RBCs where no reference concentration was available. Based on
this preliminary review, some sites required further sampling and analysis to identify COPCs,
define the nature and extent of any contamination, and provide additional data for the CMS. To
comply with the Corrective Action Management Plan schedule, it was necessary to use unvalidated

data for first-round screening.

Data Evaluation
The following screening tools and data evaluation methods were used to determine COPCs at each

site:
. Surface Soil analytical results were compared to residential soil ingestion screening values

in the USEPA Region III, Risk-Based Concentration Table, January to June — June 1996,

June 3, 1996. Noncarcinogenic chemicals were adjusted to equate with an HQ of 0.1.
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. Subsurface Soil analytical results were compared to soil screening levels — Transfers from

Soil to Groundwater in the USEPA Region III, Risk-Based Concentration Table, January
to June — June 1996, June 3, 1996.

. Groundwater analytical results were compared to tap water screening values of the
RBCs or to the USEPA Drinking Water Regulations and Health Advisories, May 1995.

Noncarcinogenic chemicals were adjusted to equate with an HQ of 0.1.

. Sediment and surface water results were compared to ecological screening levels as

discussed in Section 8.

. TEFs were used to convert cPAHs to BEQs, which were subsequently summed for each
sample and compared to the BaP RBC. Similarly, TEFs were used to convert dioxins to
TEQs, which were compared to the 2,3,7,8-TCDD RBC of 1.0 ug/kg for soil and
0.4 ug/L for groundwater.

. Duplicate samples were incorporated with their respective primary samples. When either
the duplicate or primary sample had a detection, the detected value was used. When both
the duplicate and primary samples had detections, an average of the two concentrations was

used to compensate for matrix heterogeneity.

Deviations from Final Zone C RFI Work Plan (E/A&H, November 1995)
Deviations from the proposed sampling in the work plan were required in some cases and are

specifically noted in the investigatory group subsections. Deviations are summarized here.

Proposed samples from the lower interval were not collected in several locations due to a high

water table, or due to subsurface objects (i.e., large rocks, old pilings, fill material) and utilities.
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10.1 SWMU 44 — Coal Storage Area

SWMU 44 was a coal storage yard used for unloading railcars énd the intermediate storage of coal
before use at the steam-generation plant in Building 32. Operations began in the 1940s, but were
scaled down in late 1995. Two coal piles were onsite during the field investigation, the largest
of which was estimated to be 80 feet by 400 feet. The site is in the northern portion of Zone C
and is bound to the west and north by Noisette Creek, to the south by a drainage ditch, and to the

east by Avenue D (Figure 10.1.1). A drainage ditch also crosses the site, paralleling the railway.

Previous studies at SWMU 44 focused on surface water runoff and surface water quality.
Eight sampling events conducted between 1981 and 1985, indicated metals and total suspended
solids in surface water runoff and surface water samples. The results of these data warranted an

RFI at SWMU 44.

An RFI was completed at SWMU 44 to assess impacts from metals and SVOC:s to soil, sediment,
groundwater, and/or surface water as a result of coal storage onsite. Samples were collected from
each medium in areas with the highest potential for contamination, such as areas downgradient of
the coal piles. All sampling was completed in accordance with the procedures outlined in the
Final Zone C RFI Work Plan (E/A&H, November 1995). The sampling and analysis for each

medium at SWMU 44 are summarized below.

The Detachment completed an interim measure in September 1996 which resulted in the removal
of approximately 13,246 tons of coal and a coal/dirt mixture. The interim measure was based on
a "visual” removal and no confirmation samples were collected at that time. Confirmation samples

were collected in July 1997 and are discussed in Section 10.1.11.
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10.1.1 Soil Sampling and Analysis at SWMU 44

Soil was sampled in accordance with the Final Zone C Work Pian (E/A&H, November 1995) and
Section 3 of this report in two rounds. During the first round, nine soil samples were collected
from eight locations; one lower interval and eight upper interval samples. A shallow water table
prohibited the collection of more lower interval samples; saturated soil samples were not submitted
for analysis. Soil samples were submitted for metals and cyanide analyses at DQO Level III.
One duplicate soil sample was submitted for Appendix IX analyses at DQO Level IV, which
includes the parameters listed above as well as herbicides, hexavalent chromium,
organophosphorous pesticides, and dioxins. Table 10.1.1 summarizes the first-round soil

sampling and analysis.

Table 10.1.1
First Round — Soil Sampling and Analysis
SWMU 44 — Coal Storage Area

Samples Samples Analyses Analyses
Interval  Proposed Collected Proposed Performed Deviations
Upper 8 8 Metals and Cyanide ~ Metals and Cyanide ~ None
Lower 8 1 Metals and Cyanide Metals and Cyanide  Shallow water table; saturated soil
samples were not submitted for
analyses.

First-round soil data were compared to the USEPA Region III Risk-Based Concentration Table;
June 1996. This preliminary review indicated arsenic at concentrations exceeding its RBC. Two
upper interval sample locations were added for the second round to delineate arsenic
contamination. Second-round samples were submitted for metals analysis. Table 10.1.2

summarized the second-round sampling and analysis.
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Table 10.1.2
Second Round — Soil Sampling and Analysis Summary
SWMU 44 — Coal Storage Area
Samples Samples Analyses Analyses
Interval Proposed Collected Proposed Collected Deviations
Upper. 0 S Metals Metals Added
Lower 0 0 None None None

10.1.2 Nature and Extent of Soil Contamination at SWMU 44
Soil analytical results for organics are in Table 10.1.3, and results for inorganics are in
Table 10.1.4. Appendix D is a complete analytical report for Zone C, and Appendix H contains

detection only summary tables.

Table 10.1.3
Organic Compound Analytical Results for Soil
SWMU 44 — Coal Storage Area

Number of
Samples
Sample Frequency Range of Exceeding
Compound Interval of Detection __ Detection Mean RBC* RBC

Volatile Organic Compounds (.:g/kg)
(1 Sample collected and analyzed from upper interval)
Toluene - Upper 11 1.0 NA 1,600,000 0
Semivolatile Organic Compounds (:ug/kg)
(1 Sample collected and analyzed from upper interval)
Acenaphthylene Upper 1m 75.0 NA 470,000 0
Anthracene Upper 1/1 63.0 NA 2,300,000 0
Benzo(a)anthracene Upper 11 460.0 NA ' 820° 0
Benzo(a)pyrene Upper mn 500.0 NA 88" 1
Benzo(b)fluoranthene Upper n 1500.0 NA 880 1
Benzo(k)fluoranthene Upper 171 1300.0 NA 8,800° 0
Chrysene Upper 11 530.0 NA 8,800" 0
1-Methylnaphthalene Upper 1/1 110.0 NA 31,000 0
2-Methyinaphthalene Upper 11 91.0 “NA " 31,000 0
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Table 10.1.3
Organic Compound Analytical Results for Soil
SWMU 44 — Coal Storage Area
Number of
Samples
Sample Frequency Range of Exceeding
Compound Interval of Detection  Detection Mean RBC" RBC
Dibenzofuran Upper 11 43.0 31,000 0
Fluoranthiene Upper 11 | 6600 310,000 0
Naphthalene NA

Upper

1/1

Pesticide and PCB Compounds (ug/kg)

(1 Sample collected and analyzed from upper interval)

Aldrin 1  NA A
Chlordane 11 24 NA 490 0
Pesticide and PCB Compounds

(1 Sample collected and analyzed from upper interval) _

Endosulfan sulfate S Upper m o 043 NA 47,000 0
Endrin aldehyde Upper 171 15.0 NA 230 0
Hepmiﬂor wh Upper . W1 \ 39 ji“ NA \140 0
Heptachlor Epoxide Upper 171 1.2 NA 70 0
Dioxin Compounds (ng/kg)

(1 Sample collected and analyzed from upper interval)

1234678 HpCDD - Upper n 13858 NA NA NA
1234678-HpCDF Upper 171 20.089 NA NA NA
123478-HXCDF Upper " as W N NA
1234789-HpCDF Upper 1/1 1.03 NA NA NA
123678-HxCDD Upper 171 2.795 NA NA ﬁA
123789-HxCDD Upper 11 2.894 NA NA NA
234678-HXCDF Upper 1" 0857  NA NA  NA.
OCDD Upper 171 1288.568 NA NA NA
OCDE Upper n 50816 NA NA  NA
TEQ Upper 11 4.04 NA 1,000 NA
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Table 10.1.3
Organic Compound Analytical Results for Soil
SWMU 44 — Coal Storage Area

Number of
Samples
Sample Frequency Range of Exceeding
Compound Interval of Detection  Detection Mean RBC* RBC
Herbicide Compounds (ug/kg)
(1 Sample collected and analyzed from upper interval)
24,5 Trichlorophenoxyaceteacid ‘Upper 11 - 280  NA 78,000 0
Notes:
* = Noncarcinogenic RBCs were adjusted to equate to an HQ of 0.1.
b = These compounds are cPAHs and were multiplied by the appropriate TEF for comparison as BEQs.
All results are in micrograms per kilogram (ug/kg), except for dioxins, which are in nanograms per kilogram (ng/kg).
Table 10.1.4
Inorganic Analytical Results for Soil
SWMU 44 — Coal Storage Area
Number of
Frequency Range of Reference Samples
Sample of Detection Mean Conc. Exceeding
Analyte Interval Detection (mg/kg) (mg/kg) (mg/kg) Reference
Aluminum Upper 12112 1,240-36,600 882708 999 2
Lower U1 oz890 . NAC 1 pgmn 1
Antimony Upper 2/12 0.85-1.10 0.98 0.55 2
Atsenic . Upper 112 13-10830 223 142 3
' Lower iV 23 M 0
Barium Upper 12/12 6.7 - 426.00 59.82 77.2 0
Lower 171 37.4 NA 68.5 0
Beryllium  Upper 912 0.16 - 2.00 015  ND 9
Lower n 13 GANAL L 008
Cadmium Upper 8/12 0.09 - 3.60 0.87 0.65 3
Lower 171 1.2 NA 0.28 1
Calcium Upper,' 12/12 .. 2030 - 164,500 & : 35,13{;;67,1, NA NA
Lower 11 5,700 NA ~ NA NA
Chromium Upper 12/12 34-61.5 23.87 26.4 3
Lower 1/1 43.7 NA 12.5 1
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Table 10.1.4 ‘
Inorganic Analytical Results for Soil
SWMU 44 — Coal Storage Area
Number of
Frequency Range of Reference Samples

Sample of Detection Mean Conc. Exceeding
__ Detection /kg g/kg Reference

Copper
mm
Lead Upper 12/12 1.7-156.9 50.27 330 0
Lower 11 46.0 NA 73.2 0
Magnesium '4Up;’>erl o1m 24545780 . m- NA NA
Lower T T CNA NA NA
Manganese Upper 12/12 34.0 - 408.0 111.64 92.5 5
Lower 1/1 171.0 NA 106 1
Mercury ~ Uﬁpér © 812 0.120"- 0.87 . em 02 s
Lower n 0.460 . NA 030 1
Nickel Upper 12/12 2.4-43.4 16.34 12.3 6
Lower 1/1 13.6 NA 16.7 0
Potassium Upper.  12/12 156 - 8,610 1413.75 NA 0
Lower 11 2,660 © NA NA 0
Selenium Upper 8/12 0.64 - 8.80 2.11 1.44 2
Lower 11 1.8 NA 2.90 0
Silver Upper U2 0.08 ' NA ND 1
Sodium Upper 10/12 162 - 90,300 1,435.3 NA NA
Lower 1/1 458.0 NA NA NA
Tin Upper 6/12 1.00 - 23.70 5.7 2.95 3
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Table 10.1.4
Inorganic Analytical Results for Soil
SWMU 44 — Coal Storage Area
Number of
Frequency Range of Reference Samples
Sample of Detection Mean Conc. Exceeding
Analyte Interval Detection (mg/kg) (mg/kg) (mg/kg) Reference
Vanadium Upper 12/12 3.8-68.20 18.90 234 2
Lower 1/1 71.7 NA 56.9 1
Zinc . Wpper B2 64210 101.95 e o
Colewe o B0l A B8
Cyanide Upper 1/8 4.3 NA ND 1

Volatile Organic Compounds in Soil
Toluene was the only VOC detected and it was below its RBC.

Semivolatile Organic Compounds in Soil

Fourteen SVOCs were detected; however, only two compounds — BaP and benzo(b)fluoranthene
(both cPAHs) — exceeded their RBCs of 88.0 ng/kg and 880.0 ng/kg, respectively. The BEQ
calculated for soil sample location 044SB007 was 710 ug/kg which exceeded the RBC of
88.0 ng/kg for BaP.

Pesticides and PCBs in Soil
Six pesticide compounds were detected in the duplicate soil sample; however, all were below their

respective RBCs. No PCBs were detected in the duplicate soil sample collected at SWMU 44.
Other Organic Compound Analyses for Soil

Other organic compounds include the Appendix IX compound groups that are not part of the

standard analytical suite, including herbicides, organophosphorous pesticides, and dioxins.

10.1.8
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One herbicide was detected below its RBC of 78,000 ng/kg in the duplicate soil sample from
SWMU 44. Organophosphorous pesticides and hexavalent chromium were not detected. Nine

dioxins were detected. The TCDD TEQ was 4.04 ng/kg which is below the RBC of 1,000 ng/kg.

Metals and Cyanide in Soil

Twenty-four analytes were detected in soil at SWMU 44. Table 10.1.4 summarizes the inorganic
analytical results. Sixteen analytes were detected in the upper interval; eight were detected in the
lower interval above their respective reference concentrations. Twenty-one analytes were detected
at a high frequency (greater than six detections of the 12 samples analyzed) in the upper interval.

Since only one lower interval sample was collected, a similar comparison could not be made.

Cyanide was detected in one soil sample (044CB00701) at 4.3 mg/kg, which is below its RBC of

160 mg/kg. Hexavalent chromium was not detected in soil samples collected at SWMU 44.

10.1.3 Groundwater Sampling and Analysis at SWMU 44

Eight monitoring wells were installed to assess the shallow groundwater at SWMU 44
(Figure 10.1.2). Sampling and analyses were completed in accordance with the Final Zone C RFI
Work Plan (E/A&H, November 1995). Groundwater samples were submitted for metals and
cyanide analysis at DQO Level III. One duplicate groundwater sample was submitted for
Appendix IX analyses at DQO Level IV, which includes the parameters listed above and
herbicides, hexavalent chromium, organophosphorous pesticides, and dioxins. Additionally, a
duplicate sample collected from 044MWO006 was submitted for analysis of VOCs, SVOCs,
pesticide/PCBs, sulfate, and TDS. Table 10.1.5 summarizes the groundwater sampling and
analysis. Detected concentrations in groundwater will be further evaluated based on additional
groundwater data collected during the subsequent three quarters of sampling. The data are

discussed in the Section 11.
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Table 10.1.5 ‘
Groundwater Sampling and Analysis
SWMU 44 — Coal Storage Area
Samples Samples Analyses Analyses

Interval Proposed Collected Proposed Performed Deviations

Shallow. . - 8 ' " '8 . MenlsapdCyanide . Mchilt and Cv: None

10.1.4 Nature and Extent of Groundwater Contamination at SWMU 44
Analytical results for organic compounds are summarized in Table 10.1.6, and inorganic analytes
in Table 10.1.7. A complete analytical report of Zone C is in Appendix D, and Appendix H

contains detection only summary tables.

Table 10.1.6
Organic Compound Analytical Results for Shallow Groundwater
SWMU 44 — Coal Storage Area

Number of
Frequency of Range of Tap Water Samples
Compound Detection Detection RBC* Exceeding RBCs
Semivolatile Organic Compounds (ug/L) __
Acetophenone e s e
Bis(2-ethylhexyl) phthalate 1/1 8.0 4.8 1
_Dioxins in Groundwater (g/L) ___

1234678-HpCDD 11 5.384 NA - NA
123789-HxCDF 171 3.29 NA NA
ocDD oo Camme NA
OCDF 171 2.855 NA NA
TEQ | _m 049 NA L oNA

Note:
o= Noncarcinogenic RBCs were adjusted with an HQ of 0.1.
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Table 10.1.7 ‘
Inorganic Analytical Results for Groundwater
SWMU 44 — Coal Storage Area
Number of
Range of Background Samples
Frequency of Detection Mean Conc. Exceeding
Comgund Detection 7 (,uEIL) 4 g ’ (,uEIL) Baclégound
Antimony 2/8 ND 2
Atietie T 5 418 607 3
Barium 8/8 16.7 7
Beylm - 18 29 S
Calcium 8/8 85,000 - 447,000 305,250.00 NA NA
Chromium s A0 A 1.99 6
Cobalt 4/8 0.96 - 75.5 34.29 1.33 3
Copper 7/8 2:0-18.2 7.80 1.9 7
Iron 8/8 851 - 239,000 43,370.13 NA NA
Lead 88  22-198 | 12D 5
Magnesium 8/8 23,200 - 653,000 161,025.00 NA NA
Manganese 8/8 418 - 1,990 1,189.38 w08 7
Nickel 8/8 2.0-221.0 42.24 3.59 4
Potassium 8/8 7,170 - 282,000 ‘81;955.73 ‘ NA NA
Selenium 1/8 7.2 7.20 ND 1
Sodium 8/8 13,200 --4,640,000 975,875.00 NA NA.
Vanadium 5/8 6.3 -26.0 11.04 1.96 5
Zinc 8/8 18.1 - 608.0 191.96 132 8
Note:

a

= Noncarcinogenic RBCs were adjusted with an HQ of 0.1.
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Volatile Organic Compounds in Groundwater

No VOCs were detected in groundwater samples from SWMU 44.

Semivolatile Organic Compounds in Groundwater

Three SVOCs were detected in the duplicate sample — benzoic acid, acetophenone, and
bis(2-ethylhexyl)phthalate (BEHP). Both acetophenone and BEHP exceeded their tap water RBCs
of 0.0042 ng/L and 4.8 ug/L, respectively.

Pesticides and PCBs in Groundwater

No pesticides or PCB compounds were detected in groundwater samples from SWMU 44.

Other Organics in Groundwater
Other organic compounds include the Appendix IX compound groups that are not part of the

standard analytical suite, including herbicides, organophosphorous pesticides, and dioxins.

No herbicides or organophosphorous pesticides were detected in groundwater samples from

SWMU 44. Four dioxin compounds were detected in groundwater.

Inorganic Analytes in Groundwater

Nineteen inorganic analytes were detected in groundwater samples from SWMU 44. Table 10.1.8
summarizes these analytical results. Thirteen analytes were detected at concentrations above their
respective reference concentration: aluminum, arsenic, barium, beryllium, chromium, cobalt,
copper lead, manganese, nickel, selenium, vanadium, and zinc. Aluminum, barium, copper,
manganese, and nickel exceeded their reference concentration in seven of eight samples analyzed.
Zinc exceeded its reference concentration in all samples analyzed. Hexavalent chromium was not
detected in groundwater. Turbidity measurements were generally below 10 NTUs for all of the

monitoring wells.
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10.1.5 Sediment Sampling and Analysis

Sediment was sampled in accordance with the Final Zoﬁe C RFI Work Plan (E/A&H,
November 1995). Sediment samples were collected from 13 locations in one round
(Figure 10.1.3). Sampling locations were selected relative to the downgradient runoff patterns
associated with the coal pile, which were believed to represent the area most likely to have been
impacted if a release had occurred. Sediment samples were collected from O to 6 inches. At
sediment sample location 044M0Q013, a surface water sample could not be collected at that location
because the area was dry. A surface water sample designated 044W0013 was collected at a
different location as shown on Figure 10.1.4. No sample was collected at location 044M0022;
the top 6 inches recovered was coal. As shown in Table 10.1.8, nine sediment samples were

analyzed for metals, cyanide, and TOC; four sediment samples were analyzed for TOC and grain

size only.
Table 10.1.8
Sediment Sampling and Analysis Summary
SWMU 44 — Coal Storage Area
Samples Samples Analyses Analyses
Interval Proposed  Collected Proposed Performed Deviations
Upper 14 13 metals,cyanide; metals, cyanide, ~  Sample not collected at
TOC, grainsize©  TOC, grain size 044M0022: sediment not
- ' recoverable.
Note:

At four of the sediment sample locations, the samples were analyzed for TOC and grain size only.

10.1.6 Nature and Extent of Sediment Contamination

Sediment samples were collected to assess any impact SWMU 44 may have on ecological
receptors. Because ecological sub-zones may encompass several SWMUs and AOCs, site-specific
comparisons to ecological risk-based screening levels are not appropriate. As a result,

concentrations in sediment are compared to ecological sediment screening values in Section 8,

10.1.14

10

11

12

14

15

16

17



e I R R R E—RR R RRRRRRBRRRRRRERREBRREDTEEz. e

NOISETTE

\

-  LEGEND

& — SEDIMENT SAMPLE

CREEK

—

FIGURE 10.1.3
WMU #44—COAL STORAGE AREA
SEDIMENT SAMPLE LOCATIONS

v

DWG DATE: 10/03,/97 IDWG NAME: 29CHZC16




st 2 Aol Al

s

AV
NOISETTE CREEK , oy
P 044W0018 s

. ® !

. X 044W0020 @®
’ ®

7 ®

P as il 044W0021

Qv

{

J &044W016

/ ®| baawoo17

® 044W0015 %
®044W0012 /
044W0014@)
044W0022 @/ )
@) 44W0009
\

OB4WO0013

_./

®044W0011

85 0 85
LEGEND SCALE
® — SURFACE WATER SAMPLE LOCATION T

FEET

FIGURE 10.1.4
SWMU #44—-COAL STORAGE AREA
SURFACE WATER SAMPLE LOCATIONS

DWG DATE: 10,/03,/97 |DWG NAME: 29CHZC15



Zone C RCRA Facility Investigation Report
NAVBASE Charleston

Section 10 — Site-Specific Evaluations
Revision: 0

Ecological Risk Assessment, and data summaries only are provided in Table 10.1.9. Appendix D

is a complete analytical data report for all samples collected in Zone C.

10.1.7 Surface Water Sampling and Analysis

Surface water was sampled in accordance with the Final Zone C RFI Work Plan (E/A&H,
November 1995). Samples were collected in one round from the 14 locations as proposed in the
work plan (Figure 10.1.4). Surface water samples were collected from the 0- to 1-foot interval

below the water surface, from areas most likely to have been impacted if a release had occurred.

Table 10.1.9
Inorganic Analytical Results for Sediments
SWMU 44 — Coal Storage Area

Frequency of Range of Detection Mean

Analyte Detection® (mg/kg) (mg/kg)
Alumiom 9P 34510900 . sens
Antimony 5/9 0.53 - 1.20 0.78
Barium 9/9 10.5 - 70.7 36.61
Beryllium - oy 045065 o -oss
Cadmium 519 0.04-0.84 0.42
Calcinm 9 274-23300 ‘ - 6,396.67
Chromium 9/9 8.5-42.1 22.94
Cobalt S 9/9 R v . ".;ﬁ_i',_4_15
Copper 9/9 7.2-75.3 34.29
feon. v - s . swemmo ,3‘3,454.44‘ -
Lead 919 11.2 - 63.6 35.42
Magnesom o9 395200 s
Manganese 8/9 36.9 - 104.0 71.79
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Table 10.1.9
Inorganic Analytical Results for Sediments
SWMU 44 — Coal Storage Area
Frequency of Range of Detection Mean
Analyte Detection® (mg/kg) (mg/kg)
Mercury e opae . 0
Nickel 9/9 10.69
Potassum 99 1,655.78
Selenium 7/9 4.95
Thallium 6/9 2.40
Vanadom 9 , L o
Zinc 9/9 7.7-125.0 61.48
Note:
o= Noncarcinogenic RBCs were adjusted with an HQ of 0.1.

These locations were typically downgradient of the runoff patterns from the coal pile. Seven
samples were analyzed for metals only, and seven samples were analyzed for metals, cyanide,
organotins, pesticides/PCBs, SVOCs, and VOCs. Table 10.1.10 summarizes the surface water
sampling and analysis for SWMU 44.

Table 10.1.10
Surface Water Sampling and Analysis Summary
SWMU 44 — Coal Storage Area

Samples Samples Analyses Analyses
Interval Proposed Collected Proposed Performed Deviations
Upper 14 14 SundardSuite,  StandardSuite, ~ Nome

organotins __organotins

Note:
o= Standard Suite includes VOCs, SVOCs, metals, cyanide, and pesticide/PCBs.
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10.1.8 Nature and Extent of Surface Water Contamination

Surface water samples were collected to assess any impact SWMU 44 may have on ecological
receptors. Because ecological sub-zones may encompass several SWMUs and AOCs, site-specific
comparisons to ecological risk-based screening levels are not appropriate. As a result, surface
water concentrations are compared to ecological screening values in Section 8, Ecological Risk
Assessment. Data are summarized in Tables 10.1.11 and 10.1.12. Appendix D is a complete

analytical data report for all samples collected in Zone C.

10.1.9 Fate and Transport Assessment

Migration pathways investigated for SWMU 44 include soil-to-groundwater, groundwater-to-
surface water, surface soil-to-air, and surface soil-to-sediment. Environmental media sampled as
part of the SWMU 44 RFI include surface soil, subsurface soil, sediment, shallow groundwater,
and surface water. It should be recognized that the comprehensiveness of this assessment is
limited by the analyses performed. Only one soil sample was analyzed for an extensive list of
organic parameters, thus the observations and conclusions regarding all but inorganic constituents

should be considered in this light.

10.1.9.1 Soil-to-Groundwater Cross-Media Transport

Table 10.1.13 compares constituent concentrations detected in both soil and groundwater to
groundwater protection risk-based SSLs tapwater RBCs, and grid-based background reference
concentrations. Four constituents (aluminum, antimony, arsenic, and manganese) were detected
at concentrations above background reference concentrations or groundwater protection SSLs in
SWMU 44 soil and above tap water RBCs or background reference concentrations in SWMU 44
shallow groundwater. This indicates a potential impact to the shallow aquifer based on soil
concentrations of these inorganic elements. Barium, chromium, cobalt, copper, mercury,
selenium, tin, thallium, and vanadium were detected in soil above the grid-based background

reference concentration or groundwater protection SSL but were not detected in shallow
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Table 10.1.11
Organic Compound Analytical Results for Surface Water
SWMU 44 — Coal Storage Area
Frequency of Range of
Compound Detection Detection («g/L)
Volatile Compounds _
Acrolein 1.0
Semivolatile Compounds
Organotin Compounds
Monobutyltin 1/4 0.17
Notes:

All results are in micrograms per liter (..g/L).
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Table 10.1.12
Inorganic Analytical Results for Surface Water
SWMU 44 — Coal Storage Area
Range of
Frequency of Detection Mean
Analytes Detection (ug/L) (ug/L)
Antimony 5/14 3.30
Barium 19.69
Beryllium 329 -
Cadmium NA
Calcium 124,203.57
Chromium 6.95
Cobalt ' 23.94
Copper 10/14 4.9-92.5 22.85
hon | 14114 | 359.85000 14,102.14
Lead 7/14 3.8-9.2 5.44
Magné.simn = 14/14 1,615 - 373,000 ,154,091.419
Manganese 14/14 18.8 - 2,110 402.73
Nickel 11/14 25-107.0 3356
Potassium 14/14 710 - 197,000 79,206.36
Selenium L ora g 46-10.4 157
Sodium 14/14 3,245 - 2,910,000 1,159,218.21
Venadivm . . 4 0.62-69 2.34
Zinc 14/14 5.3 -202.0 61.79
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Table 10.1.13
Chemicals Detected in Surface Soil, Subsurface Soil, Sediment, Groundwater and Surface Water
Comparison to Groundwater Protection SSLs, Tap Water RBCs, Background UTLs, and Saltwater AWQC
NAVBASE-Charleston, Zone C, SWMU 44

arleston, South Carolina

Ground- Ground-

Ground Soil water water

Surface Subsurface Water Ground- Surface Tap Salt Conc. Cone. Conc.

Soil Soil Sediment Protection water Water Water  Water Exceeds Exceeds  Exceeds

Maximum  Maximum Maximum SSLor Soil| Maximum Maximum RBCor AWQC Water SSLor RBC or sw

Parameter Conc. conc. Conc. UTL ™ Units Conc. Conc. UTL* orUTL" Units UTL UTL AWQC

Acenaphthene 75 ND ND §7000 UG/KG ND ND 220 97 UGIL NO NO NO

Acetophenone ND ND ND 0.7 UG/KG 1 ND 0.0042 NA  UG/L NO YES NA

Acrolein ND ND ND 290 UG/KG ND 1 73 0.55 UGIL NO NO NO

Aldrin 14 ND ND 500 UG/KG ND ND  0.004 013 UGIL NO NO NO

Aluminum 17500 28900 10900 23700 MG/KG 38000 16400 3700 NA  UG/L YES YES NA

Anthracene 63 ND ND 1200000 UG/KG ND ND 1100 NA UG/L NO NO NA

Antimony 1.1 ND 1.2 0.55 MG/KG 39 52 1.5 NA UG/ YES YES NA

Arsenic 103 123 137 29 MG/KG 15.3 1.44 6.07 36 UGL YES YES NO

Barium 426 37.4 70.7 1600 MG/KG 60.2 75.2 260 NA UG/L NO NO NA

Benzoic acid ND ND ND 40000 UG/KG 2 ND 15000 NA UGIL NO NO NA
Benzo(a)pyrene Equivalents

Benzo(a)pyrene 500 ND ND 8000 UG/KG ND ND 0.0092 NA UGL NO NO NA

Benzo(a)anthracene 460 ND ND 2000 UG/KG ND ND  0.092 NA UGL NO NO NA

Benzo(b)fluoranthene 1500 ND ND 5000 UG/KG ND ND  0.092 NA UGL NO NO NA

Benzo(k)fluoranthene 1300 ND ND 49000 UG/KG ND ND 0.92 NA UGL NO NO NA

Chrysene 530 ND ND 160000 UG/KG ND ND 9.2 NA UGL NO NO NA

Beryliium 2 1.3 0.65 63 MG/KG 21.9 52 0.33 NA UG/L NO YES NA

alpha-BHC 1.1 ND ND 0.5 UG/KG ND ND 0.011 1400 UG/L YES NO NO

beta-BHC 1.1 ND ND 3 UG/KG ND ND 0.037 NA UGIL NO NO NA

Cadmium 3.6 1.2 0.84 8 MG/KG ND 0.7 1.8 9.3 UGL NO NO NO

Chlordane 24 ND ND 10000 UG/KG ND ND 0.052 0.004 UGIL NO NO NO

Chromium 61.5 437 421 38 MG/KG 6.35 524 18 50 UGIL YES NO NO

Cobalt 8.6 7.9 11.6 71 MG/KG 75.5 71 220 NA UG/IL YES NO NA

Copper 207 37.1 75.3 422 MG/KG 18.2 92.5 150 29 UGL YES NO YES

Cyanide 4.3 ND ND NA MG/KG ND ND 73 1 UGIL YES NO NO

4,4-DDD 4 ND ND 16000 UG/KG ND ND 028 0025 UGIL NO NO NO

4,4-DDT 4 ND ND 32000 UG/KG ND ND 02 0001 UGL NO NO NO

Dibenzofuran 43 ND ND 12000 UG/KG ND ND 15 NA  UGIL NO NO NA

Dibutyitin ND ND ND NA UG/KG ND 0.115 011 NA UG/ NO NO NA

Di-n-butylphthalate ND ND ND 2300000 UG/KG ND 2 370 34 UGIL NO NO NO

Dieldrin 17 ND ND 4 UGIKG ND ND 0.0042 00019 UG/L NO NO NO

Dioxin (TCDD TEQ) 4.04 ND ND 4000 PGIG ND ND 0.5 001 PG NO NO NO

Endosulfan 6.13 ND ND 1800 UG/KG ND ND 22 0.0087 UG/L NO NO NO

Endrin 28 ND ND 1000 UG/KG ND ND 1.1 0.0023 UG/L NO NO NO

Endrin aldehyde 15 ND ND 1000 UG/KG ND ND 1.1 NA UGIL NO NO NA

bis(2-Ethylhexyl)phthalate ND ND ND 3600000 UG/KG 8 ND 4.8 NA UG/ NO YES NA

Fluoranthene 660 ND ND 430000 UG/KG ND ND 150 16 UGIL NO NO NO

Heptachior 5.1 ND ND 23000 UG/KG ND ND 0.0023 0.0036 UG/L NO NO NO

Lead 156 46 63.6 330 MG/KG 19.8 9.2 15 8.5 UG/L NO YES YES

Manganese 165 171 1.4 106 MG/KG 1990 2110 608 NA UGL YES YES NA

Mercury 0.865 0.46 1.6 0.3 MG/KG ND ND 1.1 0.025 UG/L YES NO NO

Methoxychlor 4 ND ND 160000 UG/KG ND ND 18 003 UGIL NO NO NO

Methylene chloride 15 ND ND 20 UG/KG ND ND 41 2560 UGIL NO NO NO

1-Methyinaphthalene 110 ND ND 51000 UG/KG ND ND 150 NA  UG/L NO NO NA

2-Methylnaphthalene 91 ND ND 51000 UG/KG ND ND 150 NA UG/ NO NO NA

Monobutyltin ND ND ND 4400 UG/KG ND 0.173 0.11 NA UG/L NO NO NA

Naphthalene 97 ND ND 8400 UG/KG ND ND 150 235 UGL NO NO NO

Nickel 43.4 13.6 26.7 130 MG/KG 221 107 73 83 UGL NO YES YES

Phenanthrene 210 ND ND 100000000 UG/KG ND ND 150 NA UGIL NO NO NA

Pyrene 510 ND ND 420000 UG/KG ND ND 110 NA  UG/L NO NO NA

Selenium 8.8 1.8 9.3 5 MG/KG 7.2 10.4 18 71 UGIL YES NO NO




Table 10.1.13
Chemicals Detected in Surface Soil, Subsurface Soil, Sediment, Groundwater and Surface Water
Comparison to Groundwater Protection SSLs, Tap Water RBCs, Background UTLs, and Saltwater AWQC
NAVBASE-Charleston, Zone C, SWMU 44

*rleston, South Carolina

Ground- Ground-

Ground Soil water water

Surface Subsurface Water Ground- Surface Tap Salt Conc. Conc. Conc.

Soil Soil Sediment Protection water Water Water  Water Exceeds Exceeds Exceeds

Maximum  Maximum Maximum SSLor Soil| Maximum Maximum RBCor AWQC Water SSL or RBC or sSw

Parameter Conc. Conc. Conc. UTL " Units Conc. Conc. UTL* orUTL* Units UTL UTL AWQC
Silver 0.08 ND ND 34 MG/KG ND ND 18 023 UGL NO NO NO

Tin 11.85 ND ND 295 MG/KG ND ND 2200 NA UGIL YES NO NA
Thallium 24 ND 46 0.7 MG/KG ND ND 0.29 21.3 UGIL YES NO NO
Toluene 1 ND ND 12000 UG/KG ND ND 75 37 UGL NO NO NO
Vanadium 42 71.7 335 600 MG/KG 26 6.9 26 NA  UGIL NO NO NA
Zinc 277.8 132 125 1200 MG/KG 608 202 1100 86 UGIL NO NO YES

Notes:
* - See Table 6-2
NA - Not available
ND - Not detected
SSL - Groundwater protection soil screening level
UTL - Grid-based background upper tolerance limit
RBC - Tap water risk-based concentration
MG/KG - Milligram per kilogram
UG/KG -~ Micrograms per kilogram
UGIL - Micrograms per liter
AWQC - Ambient Water Quality Criteria
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groundwater above the tap water RBC. This indicates that soil concentrations of these inorganic
elements are protective of the shallow aquifer in terms of protecting overall groundwater quality.
Alpha-BHC was detected in SWMU 44 surface soil at concentrations above the groundwater
protection SSL, but was not detected in SWMU 44 subsurface soil or shallow groundwater. This

indicates that soil concentrations of alpha-BHC are protective of the shallow aquifer.

Aluminum, antimony, arsenic, and manganese were detected above tap water RBCs or background
reference concentrations in SWMU 44 shallow groundwater. Most frequently detected were
arsenic, detected above its tap water RBC in four of eight shallow groundwater samples, and
manganese, detected above its background reference concentration in seven of eight shallow
groundwater samples. Review of SPLP data of sample 044SB00601 revealed no leachable
elements at concentrations above tap water RBCs. SPLP results support the conclusion that soil-to-
groundwater migration of aluminum, and antimony is isolated in nature. Naturally occurring
manganese common to estuarine environments may be more responsible for concentrations in

SWMU 44 shallow groundwater than the soil-to-groundwater migration mechanism.

A possible explanation for observed shallow aquifer impacts relates to coal storage.
Runoff/leachate from coal can have low pH resulting conversion of sulfur compounds to sulfuric
acid. This acidity in turn can lead to enhanced migration of metals which are generally more
soluble at low pH. The coal itself represents a significant source of those inorganics detected in
proximal soil and groundwater at SWMU 44. As a result, the metals detected were not unexpected

based upon past site use.
It should be mentioned that an interim removal action was performed subsequent to RFI sampling.

A significant area of piled coal and coal/soil mix was excavated. As a result, the most obvious

contamination source no longer exists and the groundwater condition would be expected to -
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naturally improve as equilibria shift toward a neutral pH and acid solubilized metals repartition

and/or precipitate.

10.1.9.2 Groundwater-to-Surface Water Cross-Media Transport

Fourteen constituents (aluminum, antimony, arsenic, barium, beryllium, chromium, cobalt,
copper, lead, manganese, nickel, selenium, vanadium, and zinc) were detected in both
groundwater and surface water samples. Many of the surface water samples were collected from
drainage features onsite. Inorganic elements detected in surface water collected from these
drainage features may have originated from surface soil rather than from groundwater migration.
To evaluate groundwater-to-surface water migration, a sample collected from monitoring
well 044MWO0O07, near Noisette Creek, was examined. This shallow groundwater sample had
concentrations of aluminum, arsenic, barium, chromium, copper, lead, manganese, nickel,
vanadium, and zinc. Only copper was detected in monitoring well 044MWOQ0O07 at a concentration
above the salt water chronic AWQC. These findings suggest that copper transfer from
groundwater to surface water may be a significant process for SWMU 44 with regard to ecological
impacts. Additional discussion of surface water with respect to ecological impacts is included in

Section 8, Ecological Risk Assessment.

Nine constituents (acetophenone, aluminum, antimony, arsenic, beryllium, BEHP, lead,
manganese, and nickel) were detected in SWMU 44 shallow groundwater above tap water RBCs
or background reference concentrations. Arsenic exceeds the tap water RBC in four of
eight groundwater samples. Exceedances for all other chemicals are isolated to only one or
two monitoring wells. To focus on the ability of these constituents to increase their areal extent,
travel-time analysis was performed. Of the constituents detected in SWMU 44 groundwater above
tap water RBCs or background reference concentrations, acetophenone is considered the most
mobile. Groundwater travel time from 044MWO006, the monitoring well with detected

acetophenone, to Noisette Creek is estimated to be 17 years. The retardation factor for
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acetophenone based on a K value of 35, and on the parameters for Zone C soil (total porosity of
35%, TOC of 0.006, and a bulk density of 1.67 kg/nT) is 2. This increases the travel time to

Noisette Creek for acetophenone to 34 years.

10.1.9.3 Soil-to-Air Cross-Media Transport

Table 10.1.14 lists the VOCs detected in surface soil samples collected at SWMU 44 along with
corresponding soil-to-air volatilization screening levels. The maximum VOCs' surface soil
concentration did not exceed its corresponding soil-to-air volatilization screening level. As a

result, the soil-to-air migration pathway would not be expected to be significant at the site.

10.1.9.4 Surface Soil-to-Sediment Cross-Media Transport

Sediment samples were collected from SWMU 44 drainage ditches, pits, and depressions.
Aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, lead,
manganese, mercury, nickel, selenium, vanadium, and zinc were detected in both surface soil and
sediment samples collected at SWMU 44. 1t is likely that surface soil erosion and coal pile runoff
is contributing to the concentrations of these constituents in sediment. However, future impacts
are not expected because an interim removal action after the RFI eliminated the most significant
of these sources. Additional discussion on the significance of sediment with respect to ecological

receptors is included as necessary in Section 8, Ecological Risk Assessment for SWMU 44.
10.1.9.5 Fate and Transport Summary

Table 10.1.15 summarizes the constituents and migration pathways found to be significant for

SWMU 44.
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Table 10.1.14

Soil-to-Air Volatilization Screening Analysis
NAVBASE - Charleston Zone C, SWMU 44
Charleston, South Carolina

Maximum
Concentratio Soil to
in Surface Air Exceeds
VOCs Soil SSL* Units SSL
[ Toluene 0.001 650 MG/KG NO

* - Soil-to-air RBCs were obtained from USEPA Soil Screening Guidance:
Technical Background Document, May 1996.



Table 10.1.15
Rignificant Migration Pathways

\WWBASE-Charleston, Zone C,

~narleston, South Carolina

SWMU 44

Parameter

Soil to
Groundwater
Migration

Groundwater
to Surface
Water
Migration

Surface Soil
to Sediment
Migration *

IAcetophenone

IAcetophenone
JAluminum
IAntimony
Arsenic
Barium
Beryllium
Chromium
Copper
|Lead
|Manganese
Mercury
Selenium
Vanadium
Zinc

Xn

MXK XX XX XXX X XX

Potential surface soil to sediment migration is based on a qualitative evaluation.
;. The significance of constituents detected in sediment with respect to ecological
impacts is addressed in Section 10.1 Ecological Risk Assessment
** - Migration pathways is considered significant due to potential ecological impacts
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10.1.10 Human Health Risk Assessment

10.1.10.1 Site Background and Investigative Approach

SWMU 44 was investigated to assess soil, sediment, shallow groundwater, and surface water
potentially affected by site activities. SWMU 44 was the coal storage yard which began operations
in the 1940s. It is used for unloading coal railcars and for the intermediate storage of coal before
use at the steam-generation plant (Building 32). According to aerial photographs, the coal storage
yard is in an area that has been filled with dredge material in the past. The primary structure in
the storage yard is a trestle upon which railroad cars are parked while unloading. Coal was
unloaded through the bottom of the railcars onto concrete pads beneath and on either side of the
trestle, and transferred away from the trestle by crane. No berms are present to contain or control

storm water runoff from either coal pile.

Ten soil samples were collected from the upper interval. Table 10.1.16 lists the analytical
methods used for the corresponding samples. The number of soil samples differs for various
groups of analytes because specific groups of analytes were targeted at certain sample locations
and/or sampling rounds. Thirteen sediment samples were collected from the upper interval.
These sediment samples were collected from ditches, pits, stagnant pools and Noisette Creek tidal
flats. Table 10.1.17 provides a list of the analytical methods used for the corresponding samples.
As with soil, the number of sediment samples differs for various groups of analytes because
specific groups were targeted at certain sample locations and/or sampling rounds. Groundwater
samples collected from eight shallow monitoring wells were analyzed for a list of parameters
similar to that for soil samples. The groundwater analytes are listed in Table 10.1.18. Fourteen
surface water samples were collected from ditches, pits, stagnant pools, and Noisette Creek as part

of the SWMU 44 RFI. Table 10.1.19 lists the methods used to analyze surface water samples.
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Table 10.1.16
Methods Run at SWMU 44 - Coal Storage Area

Surface Soil
Site |Location| Metal | SVOA| VOA Cn Hexa | Diox | Oppe| Herb | Pest | Tph Otin | Eng
044 BO0Ol Y Y
044  BO002 Y Y
044 BO003 Y Y
044 B004 Y Y
044 BO0O05 Y Y
044  BO06 Y Y Y
044  BO007 D Y Y D Y Y Y Y Y
044 BO008 Y Y
044 BO023 Y
044 B024 Y
METHODS:
Metal: TAL (Target Analyte List) Metals plus tin: Oppe: Organophosphate Pesticides:
Methods: 6000/7000 Series Method 8140
VOA: Volatile Organic Analysis: Method 8240 Herb: Chlorinated Herbicides: Method 8150
SVOA: Semi-volatile Organic Analysis: Method 8270 Pest:  Chlorinated Pesticides: Method 8080
Cn: Cyanide (Soil: Method 9010, Water: Method 9012) Tph:  Total Petroleum Hydrocarbons
Hexa: Hexavalent Chromium: Method 7195 Otin:  Organotin
Diox:  Dioxins Eng: Engineering Parameters

KEY:
Y:
D:
IR:

DR:
GR:

Analyzed for standard list

Duplicate Analysis

Method 4181

Extraction Method 3550, GC Method 8100
Extraction Method 5030, GC Method 8015

Blank value indicates this method of analysis was not performed




Table 10.1

A7

Methods Run at SWMU 44 - Coal Storage Area
Sediment, Sampling Interval 1

Site |Location| Metal | SVOA| VOA Cn Hexa | Diox | Oppe | Herb | Pest | Tph | Otin | Eng
044 0009 Y Y
044 0010 Y Y
044 0011 Y Y
044 0012 Y Y
044 0013 Y Y
044 0014 Y Y
044 0015 Y Y
044 0016 Y Y
044 0017 Y Y
044 0018 Y
044 0019 D
044 0020 Y
044 0021 Y
METHODS:
Metal: TAL (Target Analyte List) Metals plus tin: Oppe: Organophosphate Pesticides:
Methods: 6000/7000 Series Method 8140

VOA: Volatile Organic Analysis: Method 8240 Herb: Chlorinated Herbicides: Method 8150

SVOA: Semi-volatile Organic Analysis: Method 8270 Pest:  Chlorinated Pesticides: Method 8080

Cn: Cyanide (Soil: Method 9010, Water: Method 9012) Tph:  Total Petroleum Hydrocarbons

Hexa: Hexavalent Chromium: Method 7195 Otin:  Organotin

Diox:  Dioxins Eng: Engineering Parameters

KEY:
Y: Analyzed for standard list

D:
IR:
DR:
GR:

Duplicate Analysis

Method 4181

Extraction Method 3550, GC Method 8100

Extraction Method 5030, GC Method 8015

Blank value indicates this method of analysis was not performed




Table 10.1.18
Methods Run at SWMU 44 - Coal Storage Area
Shallow Groundwater, Sampling Round 1

Site [Location| Metal | SVOA| VOA Cn Hexa | Diox | Oppe| Herb | Pest | Tph Otin | Eng
044  WO001 Y Y
044  WO002 Y Y
044  WO0O03 Y Y
044 WO004 D Y Y D Y Y Y Y Y
044  WO005 Y Y
044  WO006 Y Y Y Y Y Y
044  WO007 Y Y
044  WO008 Y Y
METHODS:
Metal: TAL (Target Analyte List) Metals plus tin: Oppe: Organophosphate Pesticides:
Methods: 6000/7000 Series Method 8140
VOA: Volatile Organic Analysis: Method 8240 Herb: Chlorinated Herbicides: Method 8150
SVOA: Semi-volatile Organic Analysis: Method 8270 Pest:  Chlorinated Pesticides: Method 8080
Cn: Cyanide (Soil: Method 9010, Water: Method 9012) Tph:  Total Petroleum Hydrocarbons
Hexa: Hexavalent Chromium: Method 7195 Otin:  Organotin
Diox:  Dioxins Eng: Engineering Parameters
KEY:
Y: Analyzed for standard list
D: Duplicate Analysis
IR: Method 4181
DR: Extraction Method 3550, GC Method 8100
GR: Extraction Method 5030, GC Method 8015

Blank value indicates this method of analysis was not performed




Table 10.1.19

Surface Water

Methods Run at SWMU 44 - Coal Storage Area

Site [ Location| Metal | SVOA| VOA Cn Hexa | Diox | Oppe | Herb | Pest | Tph Otin | Eng
044 0009 Y
044 0010 D
044 0011 Y
044 0012 Y
044 0013 Y
044 0014 Y Y Y Y
044 0015 Y
044 0016 Y Y Y Y Y
044 0017 Y
044 0018 Y Y Y Y Y Y
044 0019 D D D D D D
044 0020 Y Y Y Y Y Y
044 0021 Y Y Y Y Y Y
044 0022 Y Y Y Y Y
METHODS:
Metal: TAL (Target Analyte List) Metals plus tin: Oppe: Organophosphate Pesticides:
Methods: 6000/7000 Series Method 8140
VOA: Volatile Organic Analysis: Method 8240 Herb: Chlorinated Herbicides: Method 8150
SVOA: Semi-volatile Organic Analysis: Method 8270 Pest:  Chlorinated Pesticides: Method 8080
Cn: Cyanide (Soil: Method 9010, Water: Method 9012) Tph:  Total Petroleum Hydrocarbons
Hexa: Hexavalent Chromium: Method 7195 Otin:  Organotin
Diox:  Dioxins Eng: Engineering Parameters

KEY:
Y: Analyzed for standard list
D: Duplicate Analysis
IR; Method 4181

DR: Extraction Method 3550, GC Method 8100
GR: Extraction Method 5030, GC Method 8015
Blank value indicates this method of analysis was not performed
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10.1.10.2 COPC Identification

Soil

Based on the screening comparisons shown in Table 10.1.20 and discussed in Section 7 of this
RFI, the following COPCs were identified at SWMU 44 for the surface soil exposure pathways:
aluminum, arsenic, BEQs, beryllium, chromium, manganese, and thallium. Wilcoxon rank sum

test analyses did not result in the inclusion of additional inorganic elements.

Sediment

Based on the screening comparisons shown in Table 10.1.21 and discussed in Section 7 of this
RFI, the following COPCs were identified at SWMU 44 for the sediment exposure pathways:
aluminum, arsenic, beryllium, chromium, manganese, and thallium. Wilcoxon rank sum test

analyses did not result in the inclusion of additional inorganic elements.

Groundwater

As shown in Table 10.1.22, the COPCs identified in shallow groundwater for this combined site,
based on first-quarter results are: TEQs, acetophenone, aluminum, antimony, arsenic, beryllium,
bis(2-ethylhexyl)phthalate, lead, manganese, and nickel. Results of the Wilcoxon rank sum test

did not identify any additional inorganics as shallow groundwater COPCs.

Surface Water

Surface water results were preliminarily screened using tap water RBCs. As shown in
Table 10.1.23, arsenic, aluminum, antimony, beryllium, chromium, manganese, and nickel were
tentatively identified as COPCs by this screening process. No surface water reference
concentrations have been derived for Zone C or other areas along Noisette Creek and adjacent
tidal flats and drainage features. Concentrations of arsenic, beryllium, and nickel generally appear
to be elevated relative to levels that could be expected in unaffected natural surface water. Soil

and sediment results for SWMU 44 indicate a nonnatural source of each surface water COPC

10.1.34



Table 10.1.20

Summary of Chemicals Present in Site Samples, SWMU 44
Surface Soil

NAVBASE - Charleston, Zone C

Charleston, South Carolina

CONC DETECTS
NAME UNITS FREQ Min Max
Carcinogenic PAHs
Benzo(a)pyrene Equiv. UG/KG 1 - 1 710 710
Benzo(a)pyrene UG/KG 1 - 1 500 500
Benzo(k)fluoranthene UG/KG 1 - 1 1300 1300
Benzo(a)anthracene . UGIKG 1 - 1 460 460
Benzo(b)fluoranthene UG/KG 1 - 1 63 63
Chrysene UG/KG 1 - 1 530 530
Dioxins
Dioxin Equiv. NG/KG 1 - 1 4.041 4.041
1234678-HpCDD NG/KG 1 - 1 138.58 138.58
1234789-HpCDF NG/KG 1 - 1 1.03 1.03
1234678-HpCDF NG/KG 1 - 1 20.089 20.089
123678-HxCDD NG/KG 1 - 1 2.795 2.795
123789-HxCDD NG/KG 1 - 1 2.894 2.894
234678-HxCDF NG/KG 1 - 1 0.857 0.857
123478-HxCDF NG/KG 1 - 1 45 45
OoCDD NG/KG 1 - 1 1288.568 1288.568
OCDF NG/KG 1 - 1 50.816 50.816
Inorganics
Aluminum (Al) MG/KG 10 - 12 1240 17500
Antimony (Sb) MG/KG 2 - 10 0.85 11
Arsenic (As) MG/KG 10 - 10 1.3 103
Barium (Ba) MG/KG 10 - 10 7 55.4
Beryllium (Be) MG/KG 7 - 10 0.22 2
Cadmium (Cd) MG/KG 7 - 10 0.09 36
Calcium (Ca) MGKG 10 - 10 1350 165000
Chromium (Cr) MG/KG 10 - 10 34 61.5
Cobalt (Co) MG/KG 10 - 10 0.88 8.6
Copper (Cu) MG/KG 9 - 10 6.5 207

Cyanide (CN) MGKG 1 - 8 4.3 43

Avg

710.00
500.00
1300.00
460.00
63.00
530.00

4.04
138.58
1.03
20.09
2.80
2.89
0.86
4.50
1288.57
50.82

6000.00
0.98
23.70
29.40
0.67
0.88
37200.00
22.50
4.07
60.70
4.30

SCREENING
Value #Over

88

1000

7800
31
0.43
550
0.156
3.9
NA
39
470
310
160

1

10

Source

Cc

Z20Z0Z22Z2

Z2Z2Z2Z

NON-DETECTS BACKGROUND
Max Value # Over

0.21

0.1
0.05

0.55

06

0.24
0.41

9990
0.55
14.2
77.2

0.65
26.4

3.22
34.7

ADNN

w oW



Table 10.1.20

Summary of Chemicals Present in Site Samples, SWMU 44
Surface Soil

NAVBASE - Charleston, Zone C

Charleston, South Carolina

CONC DETECTS SCREENING NON-DETECTS BACKGROUND
NAME UNITS FREQ Min Max Avg Value #Over Source Min Max Value # Over
Iron (Fe) MG/KG 10 - 10 2420 99500 16100.00 NA N
Lead (Pb) MG/KG 10 - 10 1.7 156.85 46.08 400 i 330
Magnesium (Mg) MG/KG 10 - 10 245 3800 1200.00 NA
Manganese (Mn) MG/KG 10 - 10 34 165 73.30 180 2 N 925 3
Mercury (Hg) ‘ MG/KG 6 - 10 0.12 0.865 0.38 23 N 0.11 0.21 0.24 3
Nickel (Ni) MG/KG 10 - 10 24 43.4 14.50 160 N 12.3 5
Potassium (K) MG/KG 10 - 10 156 8610 1290.00 NA
Selenium (Se) MG/KG 7 - 10 0.64 8.8 2.31 39 N 0.48 0.51 1.44 2
Silver (Ag) MG/KG 1 - 10 0.08 0.08 0.08 39 N 0.05 0.15
Sodium (Na) MG/KG 8 - 10 162 3240 840.00 NA 130 150
Thallium (T1) MG/KG 1 - 10 24 24 2.40 0.63 1 0.49 0.68
Tin (Sn) MG/KG 6 - 10 1 11.85 3.73 4700 0.87 2 295 3
Vanadium (V) MG/KG 10 - 10 38 42 15.10 55 N 234 1
Zinc (Zn) MG/KG 10 - 10 6.4 278 87.90 2300 N 159 2
Chlorinated Pesticides
Aldrin UG/IKG 1 - 1 14 14 1.40 38 C
Chlordane UG/KG 1 - 1 2.4 24 2.40 490 C
Endosulfan sulfate UG/KG 1 - 1 0.43 0.43 0.43 47000 N
Endrin aldehyde UG/KG 1 - 1 15 15 15.00 2300 h
Heptachlor UG/KG 1 - 1 3.9 39 3.90 140 C
Heptachlor epoxide UG/KG 1 - 1 1.2 1.2 1.20 70 Cc
2,4,5-T UG/IKG 1 - 1 28 28 28.00 78000 N
Semivolatile Organics
Acenaphthylene UG/KG 1 - 1 75 75 75.00 470000 e
Anthracene UG/KG 1 - 1 63 63 63.00 2300000 N
Dibenzofuran UG/KG 1 - 1 43 43 43.00 31000 N
Fluoranthene UG/KG 1 - 1 660 660 660.00 310000 N
1-Methylnaphthalene UG/KG 1 - 1 110 110 110.00 310000 n
2-Methyinaphthalene UG/KG 1 - 1 91 91 91.00 310000 n
Naphthalene UG/KG 1 - 1 97 97 97.00 310000 N



Table 10.1.20
Summary of Chemicals Present in Site Samples, SWMU 44

Surface

Soil

NAVBASE - Charleston, Zone C
Charleston, South Carolina

CONC

NAME UNITS FREQ
Phenanthrene UG/KG 1 - 1
Pyrene UG/KG 1 - 1
Volatile Organics
Toluene UG/KG 1 - 1
Notes:

* Retained as a chemical of potential concern

C The RBC is based on carcinogenic effects

N The RBC is based on noncarcinogenic effects

j  Screening level is set equal to the soil action level

h  The RBC for endrin is used as a surrogate

e The RBC for acenaphthalene is used as a surrogate

n The RBC for naphthalene is used as a surrogate

Min
210
510

DETECTS
Max

210

510

Avg
210.00
510.00

1.00

SCREENING
Value # Over
310000
230000

1600000

Source
n
N

NON-DETECTS BACKGROUND

Max

Value # Over



Table 10.1,21

SWMU 44 - Coal Storage Area
Sediment, Sampling Interval 1

FrequenC\A Range of Range of Average Num. Num.
of Nondetected Detected Detected Screening® | Over |Referencel Over
Parameter Units |Detection Upper Bounds Concentrations Conc. Conc. Screen} Conc. Ref.
* Aluminum MG/KG 9/ 9 345 - 10900 5670 7800 1
Antimony MG/KG 5/ 9 0.23 - 0.43 0.530 - 1.20 0.776 31
* Arsenic MG/KG 9/ 9 4.00 - 137 47.0 0.37 9
Barium MG/KG 9/ 9 10.5- 70.7 36.6 550
* Beryllium MG/KG 2/ 9 0.20 - 0.47 0.450 - 0.650 0.550 0.15 2
Cadmium MG/KG 5/ 9 0.030 - 0.070 0.0400 - 0.840 0.418 39
Calcium MG/KG 9/ 9 274 - 23300 6400
* Chromium MG/KG 9/ 9 8.50 - 421 229 39 1
Cobalt MG/KG 9/ 9 1.60 - 11.6 4.16 470
Copper MG/KG 9/ 9 7.20 - 75.3 343 290
Iron MG/KG 9/ 9 5160 - 93700 33500 .
Lead MG/KG 9/ 9 11.2- 63.6 354 400J
Magnesium MG/KG 9/ 9 39.5- 2090 946
* Manganese MG/KG 8/ 9 0.060 - 0.060 36.9 - 104 71.8 39 7
Mercury MG/KG 6/ 9 0.11- 0.14 0.170 - 1.60 0.592 23
Nickel MG/KG 9/ 9 3.80- 26.7 10.7 160
Potassium MG/KG 9/ 9 107 - 8240 1660
Selenium MG/KG 77 9 0.57- 1.0 0.830 - 9.30 495 39
Sodium MG/KG 7/ 9 190 - 220 355- 5860 1820
* Thallium MG/KG 6/ 9 0.56 - 1.0 0.670 - 4,60 2.40 0.63 6
Vanadium MG/KG 9/ 9 8.10 - 335 20.0 55
Zinc MG/KG 9/ 9 7.70 - 125 61.5 2300




Table 10.1.22

Summary of Chemicals Present in Site Samples, SWMU 44

Shallow Groundwater, First Quarter

NAVBASE - Charleston, Zone C
Charleston, South Carolina

NAME

Dioxins

Dioxin Equiv.
1234678-HpCDD
123789-HxCDF
OCDD

OCDF

Inorganics
Aluminum (Al)
Antimony (Sb)
Arsenic (As)
Barium (Ba)
Beryllium (Be)
Calcium (Ca)
Chromium (Cr)
Cobalt (Co)
Copper (Cu)

Iron (Fe)

Lead (Pb)
Magnesium (Mg)
Manganese (Mn)
Nicket (Ni)
Potassium (K)
Selenium (Se)
Sodium (Na)
Vanadium (V)
Zinc (Zn)

Semivolatile Organics
Acetophenone

Benzoic acid
bis(2-Ethylhexyl)phthalate

CONC
UNITS

PG/L
PGIL
PG/L

© PGIL

PGI/L

UG/L
UG/L
UG/L
UG/L
UG/L
UGI/L
UG/L
UGIL
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UGIL
UG/L

UG/L
UG/L
UG/L

FREQ

IO N N P N

DNOOM-=20000MWMOD~NEODO®=200HND®

00 00 000 Co 0o OO OO0 OO o ™ e =Y

NN

Min

0.5494
5.384
3.29
163.737
2.855

119
33
39
6.4
219
85000
1.3
0.96

2

851
2.2
23200
418

2
7170
7.2
13200
6.3
18.1

w N -

DETECTS
Max

0.5494
5.384
3.29
163.737
2.855

38000
39
15.3
60.2
219
447000
71
75.5
182
239000
19.8
653000
1990

221

282000
7.2
4640000
26

608

Avg

0.55
5.38
3.29
163.74
2.86

6001.75
3.60

10.78
39.38
21.90
305250.00
3.31

34.29

7.80
43382.63
7.14
161025.00
1189.38
42.24
81955.00
7.20
975875.00
11.20
191.96

1.00
2.00
8.00

SCREENING
Value # Over Source

0.43 1

3700
1.5
0.045
260
0.016 1
NA 8
18
220
150
1100
15
NA
84

73
NA
18
NA
26
1100

BN =

—ZxZZ2Z OoZo0zZzZ

©ON DO =~
ZzZ

- o
ZzZ Z

0.0042 1
15000
438 1

OZ2Z

NON-DETECTS BACKGROUND
Max Value #Over

1.9
32

02

4.4

1.3

20
95
10

4.4

32

20
95
10

410
6.07

16.7
0.33

3.27

608
3.59

1.96
13.2

-~ W

~N WD

@ ;n



Table 10.1.22

Summary of Chemicals Present in Site Samples, SWMU 44
Shallow Groundwater, First Quarter

NAVBASE - Charleston, Zone C

Charleston, South Carolina

CONC DETECTS
NAME UNITS FREQ Min Max

Notes:
* Retained as a chemical of potential concern
C The RBC is based on carcinogenic effects

N The RBC is based on noncarcinogenic effects

SCREENING

Avg Value #Over

Source

NON-DETECTS BACKGROUND

Max Value #Over



Table 10.1.23

SWMU 44 - Coal Storage Area

Surface Water
Frequency| Range of Range of Average Num. e‘ Num.
of Nondetected Detected Detected Screening® | Over |Referencel Over
Parameter Units |Detection Upper Bounds Concentrations Conc. Conc. Screen| Conc. Ref.
Acrolein UG/L 1/ 7 90 - 90 1.00 - 1.00 1.00 73
* Aluminum UG/L 10/ 14 19- 160 175 - 16400 4800 3700 4
* Antimony UG/L 5/ 14 1.9- 1.9 2.40 - 5.20 3.30 1.5 5
* Arsenic UG/L 5/ 14 2.7- 32 6.20 - 144 354 0.038 5
Barium UG/L 14/ 14 1.90 - 75.2 19.7 260
* Beryllium UG/L 4/ 14 0.10- 0.20 1.35- 5.20 3.29 0.016 4
Cadmium UG/L 1/ 14 0.30- 0.50 0.700 - 0.700 0.700 1.8
Calcium UG/L 14/ 14 38400 - 262000 124000
* Chromium UG/L 14/ 14 1.60 - 52.4 6.95 18 1
Cobalt UG/L 8/ 14 0.50 - 0.60 0.930 - 71.0 239 220
Copper UG/L 10/ 14 30- 44 4.90 - 92.5 228 140
Di-n-butylphthalate UG/L 3/ 7 15 - 15 1.00 - 2.00 1.33 370
Dibutyltin PPB 1/ 4 0.30 - 0.30 0.115- 0.115 0.115
Iron UG/L 14/ 14 359 - 85900 14100 .
Lead UG/L 7/ 14 23- 50 3.80- 9.20 5.44 15)
Magnesium UG/L 14/ 14 1620 - 373000 154000
* Manganese UG/L 14/ 14 18.8 - 2110 403 18 14
Monobutyltin PPB 1/ 4 0.30 - 0.30 0.173 - 0.173 0.173
* Nickel UG/L 11/ 14 1.4- 14 2.50 - 107 336 73 3
Potassium UG/L 14/ 14 710 - 197000 79200
Selenium UG/L 6/ 14 34- 44 4.60 - 10.4 7.57 18
Sodium UG/L 14/ 14 3250- 2910000 1160000
Vanadium UG/L 14/ 14 0.620 - 6.90 2.34 26
Zinc UG/L 14/ 14 5.30- 202 618 1100
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except nickel and antimony. Because no surface water reference sampling was conducted as part
of the SWMU 44 RFI, no formal quantitative risk assessment was attempted relative to surface

water.

10.1.10.3 Exposure Assessment

Exposure Setting

The exposure setting at SWMU 44 is the coal storage area. The location, composition, history,
and current use of the site are described above in Section 10.1. SWMU 44 is not near any current
residential areas. However, the coal storage yard extends northward toward Noisette Creek, and
wetlands exist on the west side of the coal pile. The future use of this SWMU is proposed as open

buffer space, based on current base reuse plans.

Due to their characteristics, soil and sediment sampled as part of the RFI (except those within the
Noisette Creek and associated tidal flats) are essentially the same medium. In most areas,
sediment was defined as extremely poorly drained soil areas with some areas of ponded water.
The area west and north of the railroad offloading trestles was the primary focus of the soil and
sediment sampling effort. A number of samples were also collected from a drainage ditch along
the western site border. Exception for three samples collected in Noisette Creek, surface water

samples were collected from ditches, pits, and stagnant pools identified across the site.

Potentially Exposed Populations

Potentially exposed populations are current and future site workers. Because many traditional
activities at NAVBASE have ceased or are expected to cease in the near future, current site
workers were not specifically addressed in the formal assessment. Due to the lack of information
regarding the specific functions that will be performed by future site workers, a standard default

scenario was developed for these individuals. A similar approach was applied for future site
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residents. An additional potentially exposed population includes adolescent trespassers who may

occasionally enter the area, drawn by the features of the marginal wetland environment.

Exposure Pathways

Exposure pathways for future site workers and site residents were formulated based on an
evaluation of the impacted media identified at SWMU 44. Relative to the soil and sediment
matrices, incidental ingestion and dermal contact were considered as viable exposure pathways.
Ingestion of COPCs identified in shallow groundwater was assessed in this HHRA. No volatile
COPCs were identified in the shallow aquifer. As previously discussed, no surface water
pathway-specific assessment was performed. Uniform exposure was assumed for all sample
locations and media addressed. Table 10.1.24 presents the exposure pathway selection process

and justifies each pathway evaluated.

The adolescent trespasser scenario was constructed around the following assumptions. The typical
adolescent trespasser was assumed to be between ages 7 and 16, and thus an exposure duration of
10 years was applied. The exposure frequency (within the contaminated portion of the site) was
assumed to be 26 days/year, or approximately one day, every other weekend. The exposure
frequency was based on the fact that although the poorly drained characteristics of the impacted
areas might serve to support some trespasser activities (i.e., wading, fishing, etc.), it would not
support more typical adolescent recreational activities (i.e., sports). A body weight of
45 kilograms was used as the mean over the age range. The ingestion rate and skin surface area
values were set equal to those of the standard residential adult (100 mg/day and 4,100 square
centimeters/event). Due to the nature of the site, it was concluded that few children less than
7 years old would gain access. In addition, individuals in their late teens would be preferentially

drawn to activities for which the site is not conducive.
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Exposure Point Concentrations

As discussed in Section 7 of this RFI, UCLSs are generally calculated for datasets consisting of at
least 10 samples. Due to the unique characteristics of SWMU 44, a modified approach was used
to establish EPCs for soil and sediment. For shallow groundwater, the maximum detected
concentration of each COPC was applied as the EPC, because only eight monitoring wells were
sampled. Hexavalent chromium analysis was performed for sample 044HWO00401 (shallow
groundwater). No hexavalent chromium was detected at a detection limit of 0.01 mg/L.. As a
result, each chromium detection in SWMU 44 shallow groundwater was considered to be trivalent,
and appropriate toxicological values were applied to hazard projections. The maximum
concentration of each surface soil or sediment COPC was applied as the EPC to estimate

adolescent trespasser exposure.

Table 10.1.24
Exposure Pathways Summary — SWMU 44
NAVBASE — Zone C
Charleston, South Carolina

Potentially Exposed  Medium and Exposure  Pathway Selected
Population Pathway for Evaluation? Reason for Selection or Exclusion

Current Land Uses

Current Site .~ Air, Inhalation of No Basedon the COPCs identified in
Users/Maintenance gaseous contaminants ©  thisHHRA for SWMU 44, no.
emanating from soil : - significant VOC concentrations -
~were identified at this site.
Air, Inhalation of No Exposure to dust generated by site
chemicals entrained in users traversing the area would be
fugitive dust minimized by paved, submerged,

and/or vegetated soils.

Surface Water, No ’ Because no surface water reference
/Ingestion of » ‘ - sampling was conducted as part-of

contaminants . the SWMU 44 RFI, no formal
. quantitative risk assessment was
attempted relative to surface water.
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Table 10.1.24
Exposure Pathways Summary — SWMU 44
NAVBASE — Zone C
Charleston, South Carolina
Potentially Exposed Medium and Exposure Pathway Selected
Population Pathway for Evaluation? Reason for Selection or Exclusion
Current Land Uses
Surface Water, No Because no surface water reference
Inhalation of volatilized sampling was conducted as part of
surface water the SWMU 44 RFI, no formal
contaminants quantitative risk assessment was

attempted relative to surface water.

Shallow groundwater is niot: ‘:
currently used as a source of
potable or nonresxdentlal water at

o potable or genetal use the DMA
Shallow groundwater, No Shallow groundwater is not
Inhalation of volatilized currently used as a source of
shallow groundwater potable or nonresidential water at
contaminants the DMA.
Soil, Incidental ingestion - ‘ No - No sampling was performed in
: 5 o = cpnjlmctlon with the SWMU 44
investigation for this exposure
pathway. \.

Soil, Dermal contact No No sampling was performed in
conjunction with the SWMU 44
investigation for this exposure

pathway
“Sediment; Incidental No (Qualified) ,Future land use assessment is -
_ ingestion i . ;xconsxderadzobe protective of .
: = ‘ ‘ Yo ' - "currentreceptors :
Sediment, Dermal No (Qualified) Future land use assessment is
contact considered to be protective of

current receptors.
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Table 10.1.24
Exposure Pathways Summary — SWMU 44
NAVBASE — Zone C
Charleston, South Carolina

Potentially Exposed =~ Medium and Exposure Pathway Selected
Population Pathway for Evaluation?

_Reason for Selection or Exclusion

Future Land Uses

(Child and Adulty; gaseous contami  this HHRA for the DMA, 1o
and Future Site _emanating from significant VOC concentrations

Worker
Air, Inhalation of No Exposure to dust generated by site
chemicals entrained in users traversing the area would be
fugitive dust minimized by paved and/or

vegetated soils.

~Surface Water, -

ate Lia - ‘Becauée 10 surface water reference
Ingestion of surface. = - sampling 'was conducted as part of

water contaminants- -~~~ = - the SWMU 44 RFI, no formal
' - quantitative risk-assessment was
~attempted relative to surface water.

Surface Water, No Because no surface water reference
Inhalation of volatilized sampling was conducted as part of
surface water the SWMU 44 RFI, no formal
contaminants quantitative risk assessment was

attempted relative to surface water.

Shallow groundwater, Yes COPCs were identified subsequent
Ingestion of ‘ to risk-based and background
contaminants during screening comparisons.

potable or general use

Shallow groundwater, Yes COPCs were identified subsequent
Inhalation of volatilized to risk-based and background
contaminants during screening comparisons.

domestic use

Soil, Incidental ingestion Yes COPCs were identified subsequent
) ' to risk-based and background
screening comparisons.

Soil, Dermal contact Yes COPCs were identified subsequent
to risk-based and background
screening comparisons.
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Table 10.1.24
Exposure Pathways Summary — SWMU 4
NAVBASE — Zone C
Charleston, South Carolina
Potentially Exposed  Medium and Exposure  Pathway Selected
Population Pathway for Evaluation? Reason for Selection or Exclusion

Future Land Uses

Sediment, Dermal Yes Sediment exposure was assumed to

contact be equivalent to typical soil
exposure, and SWMU 44 sediment
was formally addressed in this
HHRA. COPCs were identified
subsequent to risk-based screening

comparisons.

wild gam#»or:domest‘iéif‘ L Ne . "‘»Hﬁiﬁing/taking of game and/or

animals, Ingestionof =~ & imiﬁing'jiycstocllcjsﬁprohi_bited within
. tissue impacted by o the Charleston, South Carolina city

~ media contamination L limits. =~

Fruits and vegetables, No The potential for significant

Ingestion of plant tissues exposure via this pathway is low

grown in media relative to that of other exposure

pathways assessed.

As discussed earlier, no clear distinction can be made between soil and sediment samples collected
from outside Noisette Creek and adjacent tidal flats. As a result, it was assumed that there was
equal likelihood of exposure to both media on the upland (nontidal flat) portion of the site.
Table 10.1.25 summarizes soil and sediment samples that contained COPCs at concentrations
above both the soil reference concentration and the residential soil RBC. This listing was

restricted to samples collected in reasonably accessible portions (nontidal flats) of SWMU 44. It
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Table 10.1.25

Summary of Sampling Locations Exceeding Residentral RBCs
Surface Soil and Sediment

SWMU 44 Zone C

Naval Base Charleston

Charleston, SC

IResidentiat| Reference

Area 1 ) Area 2 Area 3 Area 4 ] Soil RBC |Concentration
Parameter 044SB00 044SB00 044M015 044M017|044SB00 044M009|044M012 044M013[044M0O10 (mg/kg) (mg/kg)
Benzo(a)pyrene equival * 0.704 * . . * * * * 0.088 NA
Aluminum 17500 <RBC <RBC <RBC <RBC <RBC 10900 <RBC <RBC 7800 10017
Arsenic 103 298 67.4 69.2 53.6 137 62.1 53.1 <RBC 0.43 24.96
Beryltium 2 0.51 <RBC <RBC 0.55 0.45 0.65 <RBC <RBC 0.15 ND
Chromium <RBC <RBC <RBC <RBC 615 379 42.1 <RBC <RBC 39 26.96
Manganese <RBC 165 <RBC <RBC 104 104 96.1 <RBC <RBC 18 943
Thallium 24 <RBC 46 27 <RBC 24 19 21 067 0.63 ND
NOTES:

Parameters are denoted as potential concerns based upon comparison to residential soil RBC and/
or reference concentrations.

<RBC indicates that the parameter was detected at a concentration less than the residential RBC or the Zone C background

reference concentration.

* Benzo(a)pyrene equivalents were analyzed exclusively in soil sample 044SB007. The BEQ concentration reported

at this location was assumed to be representative of all soil and sediment at SWMU 44.
NA indicates not applicable; ND indicates not detected in background samples.
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should be noted that BEQ analyses were performed exclusively for sample 044SB007. As a result,
the BEQ concentration reported for this sample was considered representative of all soil and
sediment across the site. Due to the nature of past operations, cPAHs would be expected as a
result of coal pile runoff impacts. Exposure estimates (and resultant risk/hazard projections) based

on this single result should be interpreted with discretion.

Figure 10.1.5 shows the reported concentrations of each COPC at impacted soil and sediment
sampling locations. A sample location was considered impacted if the concentration of a
parameter exceeded both the residential soil RBC and the corresponding reference concentration.
From Figure 10.1.5, it is apparent that soil/sediment were not impacted at every location. Instead,
spatially segregated areas appeared impacted. Based on an evaluation of the COPCs, the following
groups of samples were identified as defining distinct impacted areas. Additional sampling in each

of these areas would serve to more precisely define the boundary of each.

Soil sample locations 044SB006 and 044SB007, and sediment locations 044MO0015 and 044M0017
broadly define the largest of the areas (approximately 2.5 acres), in the northernmost section of
the SWMU (Area 1). The COPCs identified at these locations included arsenic, beryllium,
thallium, BEQs, manganese, and aluminum. The maximum soil concentrations of arsenic
(103 mg/kg), beryllium (2 mg/kg), aluminum (17,500 mg/kg), manganese (165 mg/kg), and
thallium (2.4 mg/kg) were detected in this area. The maximum sediment concentration of thallium

(4.6 mg/kg) was reported in sample 044M001501.

The second area was defined by soil sample 044SB008 and sediment sample 044MO0009 (Area 2).
These samples were collected north of the coal offload trestles immediately adjacent to railroad
tracks. Sampling was limited near these impacted locations and, as a result, no estimate of the
total areal extent of impacts was made. Based on surface features and expected migration/disposal

patterns associated with the source, the results at these locations are not expected to represent
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surface soil/sediment quality over more than 1 acre. The maximum soil concentration of
chromium (61.5 mg/kg) was reported in this area. Sample 044SB00701 was analyzed for
hexavalent chromium, which was not detected (detection limit = 0.01 mg/kg). The total
chromium concentration was 25.1 mg/kg. Based on these results, all soil chromium was assumed
to be trivalent, and appropriate toxicological values were used for hazard projections. The
maximum sediment concentrations of arsenic (137 mg/kg) and manganese (104 mg/kg) were

reported in this area.

Another area (Area 3), along the drainage features that mark the western SWMU boundary,
included sediment sample locations 044M0012 and 044M0013. The area of impacted media was
roughly estimated as 0.5 acre, based on the absence of elevated COPC concentrations at
surrounding sampling locations. @ The maximum sediment concentrations of aluminum
(10,900 mg/kg), beryllium (0.65 mg/kg), and chromium (42.1 mg/kg) were reported in sample
044M001201.

The final impacted area (Area 4) identified included sediment location 044M0010 only, and is in
the extreme southeast corner of the SWMU. Thallium was the only COPC identified at this
location with a concentration of 2.4 mg/kg. Sediment sample 044M001001 was collected from
the surface water runoff collection point. The area was characterized by poorly drained soil and
would serve as a depositional zone for sediment conveyed from the coal offload trestles. The
results for sample 044M001001 were estimated to represent roughly one-third of an acre based

on topographic features.

In order to provide a more useful presentation of potential risk/hazard at SWMU 44, exposure was
estimated based on results specific to each area when computing the future site resident and site
worker chronic daily intakes. The COPCs for each area are presented in Table 10.1.25 and the

maximum concentration of each was used as the EPC. Due to the extremely limited SVOC
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analyses performed, the BEQ concentration reported for soil sample 044SB00701 was assumed
to be representative of soil and sediment across the entire SWMU. For the adolescent trespasser
scenario, the maximum concentration of each soil/sediment COPC was used as the EPC. This
method was used assuming that trespassing adolescents would not confine their activities to any
specific impacted area. Instead, adolescent trespassers were assumed to have uniform exposure

to the entire SWMU.

Quantification of Exposure

Soil/Sediment

Area 1

CDIs for ingestion and dermal contact with SWMU 44 Area 1 surface soil and sediment are shown

in Tables 10.1.26 and 10.1.27, respectively.

Area 2
CDiIs for ingestion and dermal contact with SWMU 44 Area 2 surface soil and sediment are shown
in Tables 10.1.28 and 10.1.29, respectively.

Area 3
CDiIs for ingestion and dermal contact with SWMU 44 Area 3 surface soil and sediment are shown
in Tables 10.1.30 and 10.1.31, respectively.

Area 4

CDiIs for ingestion and dermal contact with SWMU 44 Area 3 surface soil and sediment are shown

in Tables 10.1.32 and 10.1.33, respectively.
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Table 10.1.26

Chronic Daily Intakes (CDI)

Incidental Ingestion of Surface Soil (0-1')
SWMU 44 (Area 1) Zone C

Naval Base Charleston

Charleston, SC

Fraction Exposure |Potential Future Potential Future |Potential Futur |Potential Curren Potential Current
Ingested fro Point Resident adult Resident child | Residentiwa | Worker adult ~ Worker adult
Contaminate Concentration H-CDi H-CD! C-CDI H-CDi C-CDI
Chemical TEF Source (mg/kg) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day)
Benzo(a)pyrene equival 1 1 0.710 9.72€E-07 9.07E-06 1.11E-06 3.47E-07 1.24E-07
Aluminum NA 1 17500 2.40E-02 2.24E-01 2.74E-02 8.56E-03 3.06E-03
Arsenic NA 1 103 1.41E-04 1.32E-03 1.61E-04 5.04E-05 1.80E-05
Beryllium ' NA 1 20 2.74E-06 2.56E-05 3.13E-06 9.78E-07 3.49€E-07
Manganese NA 1 165 2 26E-04 211E-03 2.58E-04 8.07E-05 2.88E-05
Thallium NA 1 46 6.30E-06 5.88E-05 7.20E-06 2.25E-06 8.04E-07
NOTES:

TEF toxic equivalency factor relative to Benzo(a)pyrene
Iwa lifetime weighted average, used to calculate carcinogenic CD!, RAGS Parts A and B
CDI Chronic Daily Intake in mg/kg-day
H-CD! CDI for hazard quotient
C-CDI CDiI for excess cancer risk
* Reflects the estimated fraction of the site impacted by the corresponding COPC.



Table 10.1.27

Chronic Daily Intakes (CDY)

Dermal Contact with Surface Soil (0-1")
SWMU 44 (Area 1) Zone C

Naval Base Charleston

Charleston, SC

Adjusted
Exposure Fraction Dermal |Potential Future Potential Future |Potential Futur |Potential Curren Potential Current
Point Contacted fro Absorption|{ Resident adult Resident child | Resident iwa | Worker adult  Worker adult
Concentration Contaminated Factor H-CDI H-CDi C-CDI H-CDI C-CDI
Chemical TEF (mg/kg) Source * (unitiess) | (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day)
Benzo(a)pyrene equival 1 0.710 1 0.01 3.98E-07 1.32E-06 2.49E-07 2.85E-07 1.02E-07
Aluminum NA 17500 1 0.001 9.83E-04 3.24E-03 6.15E-04 7.02E-04 2.51E-04
Arsenic NA 103 1 0.001 5.78E-06 1.91E-05 3.62E-06 4.13E-06 1.48E-06
Beryllium NA: 20 1 0001 1.12E-07 3.71E-07 7.03E-08 8.02E-08 2.87E-08
Manganese NA 165 1 0.001 9.27E-06 3.06E-05 5.80E-06 6.62E-06 2.36E-06
Thallium NA 46 1 0.001 2 58E-07 8.53E-07 1.62E-07 1.85€-07 6.59E-08

NOTES:
TEF Toxic Equivalency Factor relative to Benzo(a)pyrene
CDI Chronic Daily Intake in mg/kg-day
H-CDI CDil for hazard quotient
C-CDI CDI for excess cancer risk
- The dermal absorption factor was applied to the exposure point concentration
to reflect the different trans-dermal migration of inorganic versus organic chemicals
Reflects the estimated fraction of the site impacted by the corresponding COPC.

*



Table 10.1.28

Chronic Daily Intakes (CD1)

Incidental Ingestion of Surface Soil (0-1)
SWMU 44 (Area 2) Zone C

Naval Base Charleston

Charleston, SC

Fraction Exposure |Potential Future Potential Future |Potential Futur |Potential Curren Potential Current
Ingested fro Point Resident adult Resident child | Resident lwa | Worker adult  Worker adult
Contaminate Concentration H-CDI H-CDI C-CDI H-CDI C-CDI
Chemical TEF Source (mg/kg) (mg/kg-day) (mg/kg-day) (mg/kg-day) | (mg/kg-day) (mg/kg-day)
Benzo(a)pyrene equival 1 1 0.710 9.72E-07 9.07E-06 1.11E-06 3.47E-07 1.24E-07
Chromium NA 1 61.5 8.42E-05 7.86E-04 9.63E-05 3.01E-05 1.07E-05
Arsenic NA 1 137 1.88E-04 1.75E-03 2.14E-04 6.70E-05 2.39E-05
Beryllium NA 1 07 8.90E-07 8.31E-06 1.02E-06 3.18E-07 1.14E-07
Manganese NA 1 104 1.42E-04 1.33E-03 1.63E-04 5.09E-05 1.82E-05
Thalfium NA 1 24 3 29€E-06 3.07E-05 3.76E-06 1.17E-06 4. 19E-07
NOTES:

TEF toxic equivalency factor relative to Benzo(a)pyrene
lwa lifetime weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B
CDI Chronic Daily intake in mg/kg-day
H-CD! CDI for hazard quotient
C-CDI CDil for excess cancer risk
* Reflects the estimated fraction of the site impacted by the corresponding COPC.



Table 10.1.29

Chronic Daily Intakes (CDJ)

Dermal Contact with Surface Soil (0-1')
SWMU 44 (Area 2) Zone C

Naval Base Charleston

Charleston, SC

Adjusted
Exposure Fraction Dermal |Potential Future Potential Future |Potential Futur |Potential Curren Potential Current
Point Contacted fro Absorption | Resident adult Resident child | Resident lwa | Worker adult ~ Worker adult
Concentratio Contaminate  Factor H-CDI H-CDI C-CDI H-CDI C-CDI
Chemical TEF (mg/kg) Source * (unitless) | (mg/kg-day) (mg’/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day)
Benzo(a)pyrene equiva 1 0.710 1 0.01 3.98E-07 1.32E-06 2.49E-07 2.85E-07 1.02E-07
Chromium NA 62 1 0.001 3.45E-06 1.14E-05 2.16E-06 2.47E-06 8.81E-07
Arsenic NA 137 1 0.001 7. 69E-06 2.54E-05 4 82E-06 5.50E-06 1.96E-06
Beryllium NA - 0.7 1 0.001 3.65E-08 1.21E-07 2.28E-08 - 2.61E-08 9.31E-09
Manganese NA 104 1 0.001 5.84E-06 1.93E-05 3.66E-06 4.17E-06 1.49E-06
Thallium NA 24 1 0.001 1.35E-07 4 45E-07 8.44E-08 9.63E-08 3.44E-08

NOTES:
TEF Toxic Equivalency Factor relative to Benzo(a)pyrene
CDI Chronic Daily Intake in mg/kg-day
H-CDI CDI for hazard quotient
C-CDI CDi for excess cancer risk
- The dermal absorption factor was applied to the exposure point concentration
to reflect the different trans-dermal migration of inorganic versus organic chemicals
* Reflects the estimated fraction of the site impacted by the corresponding COPC.



Table 10.1.30

Chronic Daily Intakes (CDI)

Incidental Ingestion of Surface Soil (0-1')
SWMU 44 (Area 3) Zone C

Naval Base Charleston

Charleston, SC

Fraction Exposure [Potential Future Potential Future |Potential Futur |Potential Curren Potential Current

Ingested fro Point Resident adult Resident child | Resident lwa | Worker aduit ~ Worker adult

Contaminate Concentration H-CDI H-CDI C-CDI H-CDI Cc-cD!
Chemical TEF Source (mg/kg) (mg/kg-day) (mg/kg-day) | (mg/kg-day) | (mg/kg-day) (mg/kg-day)
Benzo(a)pyrene equival 1 1 0.710 9.72E-07 9.07E-06 1.11E-06 3.47E-07 1.24E-07
Aluminum NA 1 10900 1.49E-02 1.39E-01 1.71E-02 5.33E-03 1.90E-03
Arsenic NA 1 62 8.51E-05 7.94E-04 9.72E-05 3.04E-05 1.09E-05
Beryllium NA 1 0.65 8.90E-07 8.31E-06 1.02E-06 3.18E-07 1.14E-07
Chromium NA 1 421 5.77E-05 5.38E-04 6.59E-05 2.06E-05 7.36E-06
Manganese NA 1 96 1 32E-04 1.23E-03 1.50E-04 4.70E-05 1.68E-05
Thallium NA 1 19 2 60E-06 2 43E-05 2.97E-06 9.30E-07 3.32E-07

NOTES:

TEF toxic equivalency factor relative to Benzo(a)pyrene
lwa lifetime weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B
CDI Chronic Daily Intake in mg/kg-day
H-CDI CDI for hazard quotient
C-CD! CDI for excess cancer risk
* Reflects the estimated fraction of the site impacted by the corresponding COPC.



Table 10.1.31

Chronic Daily intakes (CD1)

Dermal Contact with Surface Soil (0-1')
SWMU 44 (Area 3) Zone C

Naval Base Charleston

Charleston, SC

Adjusted
Exposure Fraction Dermal |Potential Future Potential Future |Potential Futur |Potential Curren Potential Current
Point Contacted fro Absorption | Resident adult Resident child | Residentiwa | Worker adult  Worker adult
Concentratio Contaminate  Factor H-CDI H-CDI C-CDi H-CDI C-CDI

Chemical TEF (mgrkg) Source *  (unitless) | (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day)
Benzo(a)pyrene equiva 1 0.710 1 0.01 3.98E-07 1.32E-06 2.49E-07 2.85E-07 1.02E-07
Aluminum NA 10900 1 0.001 6.12E-04 2.02E-03 3.83E-04 4.37E-04 1.56E-04
Arsenic NA 62 1 0.001 3.49E-06 1.15E-05 2.18E-06 2.49E-06 8.90E-07
Beryllium NA - 0.65 1 0.001 3 65E-08 1.21E-07 2.28E-08 2.61E-08 9.31E-09
Chromium NA 421 1 0.001 2.36E-06 7.80E-06 1.48E-06 1.69E-06 6.03E-07
Manganese NA 96 1 0.001 5.40€-06 1.78E-05 3.38E-06 3.86E-06 1.38E-06
Thallium NA 1.9 1 0.001 1.07€-07 3.52E-07 6.68E-08 7.62E-08 2.72E-08

NOTES:
TEF Toxic Equivalency Factor relative to Benzo(a)pyrene
CDI Chronic Daily Intake in mg/kg-day
H-CDI CDiI for hazard quotient
C-CDI CDiI for excess cancer risk
- The dermal absorption factor was applied to the exposure point concentration
to reflect the different trans-dermal migration of inorganic versus organic chemicals
Reflects the estimated fraction of the site impacted by the corresponding COPC.

-



Table 10.1.32

Chronic Daily Intakes (CDI)
Incidental Ingestion of Surface Soil (0-1')
SWMU 44 (Area 4) Zone C
Naval Base Charleston

Charleston, SC

Fraction
Ingested fro

Exposure
Point

Contaminate Concentration

Potential Future Potential Future |Potential Futur [Potential Curren Potential Current
Resident aduit Resident child | Residentlwa | Worker adult Worker adult
H-CD! H-CDI C-CDI H-CDI C-CDI

Chemical TEF Source (mg/kg) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day) (mg/kg-day)

Benzo(a)pyrene equival 1 1 0.710 9.72€E-07 9.07E-06 1.11E-06 3.47E-07 1.24E-07

Thallium NA 1 067 9.18E-07 8.57E-06 1.05E-06 3.28E-07 1.17E-07
NOTES:

TEF
lwa
CDI
H-CDt
C-CDt

toxic equivalency factor relative to Benzo(a)pyrene
lifetime weighted average; used to calculate carcinogenic CDI, RAGS Parts A and B
Chronic Daily Intake in mg/kg-day

CDI for hazard quotient

CDI for excess cancer risk
Reflects the estimated fraction of the site impacted by the corresponding COPC.



Table 10.1.33

Chronic Daily Intakes (CDf)

Dermal Contact with Surface Soil (0-1')
SWMU 44 (Area 4) Zone C

Naval Base Charleston

Charleston, SC

Adjusted
Exposure Fraction Dermal |Potential Future Potential Future |Potential Futur |Potential Curren Potential Current
Point Contacted fro Absorption | Resident adult Resident child | Resident iwa | Worker adult ~ Worker adult
Concentratio Contaminate  Factor H-CDI H-CDI C-CDI H-CDI Cc-CDI
Chemical TEF (mg/kg) Source *  (unitless) | (mg/kg-day) (mg/kg-day) (mg/kg-da (mg/kg-day) {mg/kg-day)
Benzo(a)pyrene equiva 1 0.710 1 0.01 3.98E-07 1.32E-06 2.49E-07 2.85E-07 1.02E-07
Thallium NA 067 1 0.001 3.76E-08 1.24E-07 2.36E-08 2.69E-08 9.60E-09
NOTES:

TEF Toxic Equivalency Factor relative to Benzo(a)pyrene

CDI Chronic Daily Intake in mg/kg-day
H-CDI CDI for hazard quotient
C-CD! CDl for excess cancer risk

The dermal absorption factor was applied to the exposure point concentration
to reflect the different trans-dermal migration of inorganic versus organic chemicals
Reflects the estimated fraction of the site impacted by the corresponding COPC.
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Adolescent Trespassers
CDIs for adolescent trespasser ingestion and dermal contact with SWMU 44 surface soil and

sediment are shown in Tables 10.1.34 and 10.1.35, respectively.

Groundwater
CDiIs for shallow groundwater ingestion are presented in Table 10.1.36. No volatile COPCs were
identified in SWMU 44 shallow groundwater. As a result, the inhalation of volatilized

contaminants pathway was not assessed.

10.1.10.4 Toxicity Assessment

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.1.37
summarizes toxicological risk information for the COPCs identified at SWMU 44. The following
are brief toxicological profiles for each COPC identified at SWMU 44.

Aluminum is one of the most abundant metals in the earth's crust (7% aluminum), and it is
ubiquitous in air and water, as well as soil. This metal is water-soluble, silvery, and ductile,
which suggests its usefulness in many processes. Ingesting aluminum can affect the absorption
of other elements within the gastrointestinal tract and can alter intestinal function. Aluminum can
potentially interfere with the absorption of essential nutrients and cholesterol. Another effect on
the gastrointestinal system is the inhibition of acetylcholine-induced contractions, which are part
of the neuro-muscular system controlling bowel muscles. The effect could explain why aluminum-
containing antacids often produce constipation. Aluminum dust is moderately flammable and
explosive in heat. Inhaling this dust can cause fibrosis (aluminosis) (Klaassen, et al., 1986)
(Dreisbach, et al., 1987). No data are available on an applicable SF or the USEPA cancer group.
The USEPA Region IV Office of Health Assessment suggested using the provisional oral RfD of
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Table 10.1.34

Chronic Daily Intakes (CDI)

Incidental Ingestion of Surface Soil/Sediment (0-17)
SWMU 44 Zone C

Naval Base Charleston

Charteston, SC

Adjusted
Exposure |Potential Adolescen |Potential Adolescent
Point Trespasser Trespasser
Concentration H-CDI C-CDI
Chemical TEF {mg/kg) (mg/kg-day) (mg/kg-day)
Benzo(a)pyrene Equivalent 1 0.710 1.12E-07 1.60E-08
Aluminum NA 17500 2.77E-03 3.96E-04
Arsenic " NA 137 2.17E-05 3.10E-06
Beryllium NA 2 3.17E-07 4 52€E-08
Chromium NA 615 9.74E-06 1.39E-06
Manganese NA 165 2.61E-05 3.73E-06
Thallium NA 46 7.28E-07 1.04E-07

NOTES:
TEF toxic equivalency factor relative to Benzo(a)pyrene
CD!  Chronic Daily Intake in mg/kg-day
H-CDI CD! for hazard quotient
C-CDI CDiI for excess cancer risk
- exposure point concentrations for PAHs were adjusted to equivalent concentrations
of Benzo(a)pyrene by their corresponding TEF.



Table 10.1.35
Chronic Daily Intakes (CDI)

Dermal Contact with Surface Soil/Sediment (0-1’)

SWMU 44 Zone C
Naval Base Charleston
Charleston, SC

Adjusted
Exposure Dermal Potential Adolescent | Potential Adolescent
Point Absorption Trespasser Trespasser
Concentration Factor H-CDI C-CDI
Chemical TEF (mg/kg) (unitless) {mg/kg-day) (mg/kg-day)
Benzo(a)pyrene Equivalent 1 0.70958 0.01 4 61E-08 6.58E-09
Aluminum NA 17500 0.01 1.14E-03 1.62E-04
Arsenic NA 137 0.01 8.89E-06 1.27E-06
Beryllium NA 2 0.01 1.30E-07 1.85E-08
Chromium NA 615 0.001 3.99E-07 5.70E-08
Manganese NA 165 0.001 1.07E-06 1.53E-07
Thallium NA 46 0.001 2.99E-08 4 26E-09
NOTES:
TEF Toxic Equivalency Factor relative to benzo(a)pyrene
CDI Chronic Daily Intake in mg/kg-day
H-CDI CDI for hazard quotient
C-CDI CDi for excess cancer risk

The dermal absorption factor was applied to the exposure point concentration

to reflect the different trans-dermal migration of inorganic versus organic chemicals
- exposure point concentrations for PAHs were adjusted to equivalent concentrations of Benzo(a)pyrene
by their corresponding TEF.



Table 10.1.36

Chronic Daily Intakes (CDI)
Ingestion of COPCs in Shallow Groundwater

SWMU 44 Zone C
Naval Base Charleston
Charleston, SC

Adjusted
Exposure |Potential Future Potential Future|Potential Futur |Potential Future Potential Future
Point Resident adult Resident child | Residentlwa | Worker aduilt ~ Worker aduit
Concentration H-CDI H-CDI C-CDI H-CDI C-CDI
Chemical (mgfliter) (mg/kg-day) (mg/kg-day) | (mg/kg-day) | (mg/kg-day) (mg/kg-day)
Aluminum 38 1.04E+00 2.43E+00 5.73E-01 3.72€-01 1.83E-01
Antimony 0.0039 1.07E-04 2.49E-04 5.88E-05 3.82E-05 1.88E-05
Arsenic 0.015 4.19E-04 9.78E-04 2.31E-04 1.50E-04 7.36E-05
Beryllium 0.022 6.00E-04 1.40E-03 3.30E-04 2 14E-04 1.05E-04
Bis(2-Ethylhexyl)phth 0.008 2.19E-04 511E-04 1.21E-04 7.83E-05 3.85E-05
Lead '0.020 5.42E-04 1.27E-03 2.98E-04 1.94€-04 9.63E-05
Manganese 1.99 5.45E-02 127E-01 3.00E-02 1.95E-02 9.58E-03
Nickel 0.221 6.05E-03 1.41E-02 3.33E-03 2.16E-03 1.06E-03
2,3,7,8-TCDD equival 54E-10 1.48E-11 3.45E-11 8.14E-12 5.28E-12 2.60E-12
Acetophenone 0.001 2.74E-05 6.39E-05 1.51E-05 9.78E-06 4 81E-06
NOTES:

Iwa lifetime weighted average

CDI Chronic Daily Intake
H-CDI Non-carcinogenic hazard based Chronic Daily Intake
C-CDi Carcinogenic risk based Chronic Daily Intake



Table 10.1.37
Toxicological Database Informa ion
for Chemicals of Potential Conc rn

SWMU 44
NAVBASE Charleston, Zone C Non-Carcinogenic Toxicity Data
Oral Uncertainty Inhalation Uncertainty

Reference Dose Confidence Critical Effect Factor Reference Dose Confidence Critical Effect Factor
Chemical (mg/kg/day) Level Oral {mg/kg/day) Level Inhalation
Aluminum 1 e ND ND ND
Antimony 0.0004 a L whole body/blood increased mortality 1000 ND ND
Arsenic 0.0003 a M hyperpigmentation 3 ND ND
Benzo(a)pyrene Equivalents ND ND ND ND
Beryllium 0.005 a L microscopic organ changes 100 ND ND
bis(2-Ethylhexyl!)phthalate 0.02 a M increased liver weight 1000 ND ND
Chromium 1 a L NA 100/10 ND ND
Lead ND ND ND ND
Manganese (food) - 014 a NA neurological effects 1 ND ND
Manganese (water) 0.005 a NA neurological effects 1 1.43E-05 a M neurological effects 1000
Nickel 0.02 a M decreased body and organ weight 300 ND ND
Thallium 8E-05 a increased SGOT (liver) increased seru 3000 ND ND

NOTES:

a Integrated Risk Information System (IRIS)

b Health Effects Assessment Summary Tables (HEAST)

c HEAST alternative method

d USEPA Region Ilf Screening Tables

e EPA Environmental Criteria and Assessment Office - Cincinnati (provisional)
f Withdrawn from IRIS or HEAST

NA Not applicable or not available

ND Not determined due to lack of information



Table 10.1.37

Toxicological Database Informa
for Chemicals of Potential Conc

SWMU 44

NAVBASE Charleston, Zone C

Carcinogenic Toxicity Data

Oral Slope Inhalation Weight

Factor Slope Factor of Tumor
Chemical __ltmg/kg/day)]-1 [(mg/kg/day)}-1 Evidence Type
Aluminum ND ND ND
Antimony ND ND D
Arsenic 15 a 15.1 A various
Benzo(a)pyrene Equivalents 73 a B2 mutagen
Beryllium 43 a 84 B2  osteosarcoma
bis(2-Ethylhexyl)phthalate 0.014 a ND B2 hepatoma
Chromium ND 42 D
Lead ND ND B2 various
Manganese (food) ND ND D
Manganese (water) ND ND D
Nickel ND ND D
Thallium ND ND D
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1.0 mg/kg-day. The aesthetic-based SMCL for drinking water is 50 to 200 n»g/L (USEPA, Office
of Water).

Arsenic exposure via the ingestion route causes darkening and hardening of the skin in chronically
exposed humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and
cardiovascular effects (Klaassen, et al., 1986). USEPA set 0.3 ng/kg-day as the RfD for arsenic
based on a NOAEL of 0.8 ng/kg-day in a human exposure study. Arsenic's effects on the nervous
and cardiovascular systems are primarily associated with acute exposure to higher levels.
Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhalation
of these materials can lead to increased lung cancer risk, and ingestion of these materials is
associated with increased skin cancer rates. Arsenic has been classified as a group A carcinogen
by USEPA, which set the 1.5 (mg/kg-day)’' SF for arsenic. As listed in IRIS (search date
September 1, 1995), the basis for the classification is sufficient evidence from human data. An
increased lung cancer mortality was observed in multiple human populations exposed primarily
through inhalation. Also, increased mortality from multiple internal organ cancers (liver, kidney,
lung, and bladder) and an increased incidence of skin cancer were observed in populations
consuming drinking water high in inorganic arsenic. Human milk contains about 3 ng/L arsenic
(Klaassen, et al., 1986). The RBC for arsenic in tap water is 0.038 ng/L. As listed in IRIS
(search date September 1, 1995), the critical effect of this chemical is hyperpigmentation,
keratosis, and possible vascular complications. The uncertainty factor was determined to be 3 and

the modifying factor was determined to be 1.

Chromium exists in two stable, natural forms: trivalent (CrlIIl), and hexavalent (CrVI). Acute
exposure to chromium can result in kidney damage following oral exposure or damage to the nasal
mucosa and septum following inhalation exposure. Chronic inhalation exposure to hexavalent
chromium has resulted in kidney and respiratory tract damage, as well as excess lung cancer in

both animals and humans following occupational exposure. Only hexavalent chromium is believed
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to be carcinogenic by inhalation (Gradient, 1991). Oral RfD values for both forms of chromium
are 1.0 and 5E-3 (mg/kg-day). For trivalent chromium, the RfD is based on liver toxicity in the
rat. For the hexavalent form, the RfD is based on unspecified pathological changes observed in
rat studies. In addition, hexavalent chromium is considered a group A carcinogen for inhalation
exposures, and a SFo of 42 (mg/kg-day)' has been established for the hexavalent form. Vitamin
supplements contain approximately 0.025 mg of chromium. As listed in IRIS (search date
June 28, 1995), no critical effects were observed for chromium (III). The uncertainty factor was
determined to be 100 and the modifying factor was determined to be 10. IRIS lists (search date
June 28, 1995), no critical effects were observed for chromium (VI). The uncertainty factor was

determined to be 500 and the modifying factor was determined to be 1.

Manganese is an essential nutrient, but chronic exposure (0.8 mg/kg-day) causes mental
disturbances. Studies have shown that manganese uptake from water is greater than manganese
uptake from food, and the elderly appear fo be more sensitive than children (Klaassen, et al.,1986)
(Dreisbach, et al., 1987). Because of the different uptake rates in water and food, USEPA set two
oral RfDs — one for water and one for food. These RfDs are 0.005 and 0.14 mg/kg-day.
Inhalation of manganese dust causes neurological effects and increased incidence of pneumonia.
An inhalation RfD was set to 0.0000143 mg/kg-day. According to USEPA, manganese can not
be classified as to its carcinogenicity. Therefore, the cancer class for manganese is group D. As
listed in IRIS (search date June 29, 1995), the basis for the classification is existing studies that
are inadequate to assess the carcinogenicity of manganese. Manganese is an element considered
essential to human health. The typical vitamin supplement dose of manganese is 2.5 mg/day. As
listed in IRIS (search date June 29, 1995), the critical effects of this chemical in water in the oral
summary are CNS effects. The uncertainty factor was determined to be 1 and the modifying factor
was determined to be 1. The critical effects of this chemical in food in the oral summary are CNS
effects. The uncertainty factor was 1 and the modifying factor was 1. As listed in IRIS (search

date June 29, 1995), the critical affect of this chemical in the inhalation summary is impairment
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of neuro-behavioral function. The uncertainty factor was 1000 and the modifying factor was 1.

The IRIS RfC is 0.00005 mg/m’.

Polyaromatic Hydrocarbons or BaP equivalents include the following list of COPCs:

Benzo(a)anthracene TEF 0.1
Benzo(b)fluoranthene TEF 0.1
Dibenz(a,h)anthracene TEF 1.0
Benzo(k)fluoranthene TEF 0.01
Benzo(a)pyrene TEF 1.0
Indeno(1,2,3-cd)pyrene TEF 0.1
Chrysene TEF 0.001

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs
above have not been well established. There are no RfDs for the PAHs above due to a lack of
data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their carcinogenicity
is addressed relative to that of BaP, having an oral SF 7.3 (mg/kg-day)'. Toxicity Equivalency
Factors, also set by USEPA, are multipliers that are applied to the detected concentrations, which
are subsequently used to calculate excess cancer risk. These multipliers are discussed further in
the exposure and toxicity assessment sections. Most carcinogenic PAHs have been classified as
such due to animal studies using large doses of purified PAHs. There is some doubt as to the
validity of these listings, and the SFs listed in USEPA's RBC table are provisional. However,
these PAHs are carcinogens when the exposure involves a mixture of other carcinogenic
substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS (search data
June 28, 1995), the basis for the BaP B2 classification is human data specifically linking BaP to
a carcinogenic effect are lacking. There are, however, multiple animal studies in many species

demonstrating BaP to be carcinogenic by numerous routes.
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BaP has produced positive results in numerous genotoxicity assays. At the June 1992 CRAVE
Work Group meeting, a revised risk estimate for BaP was verified (see Additional Comments for
Oral Exposure). This section provides information on three aspects of the carcinogenic risk
assessment for the agent in question: the USEPA classification and quantitative estimates of
exposure. The classification reflects a weight-of-evidence judgment of the likelihood that the agent
is a human carcinogen. The quantitative risk estimates are presented in application of a low-dose
extrapolation procedure and presented as the risk per (mg/kg)/day. The unit risk is the
quantitative estimate in terms of either risk per ug/L drinking water or risk per ug/n? air breathed.
The third form in which risk is presented is drinking water or air concentration providing cancer
risks of 1 in 10,000 or 1 in 1,000,000. The Carcinogenicity Background Document provides
details on the carcinogenicity values found in IRIS. Users are referred to the Oral Reference Dose
and Reference Concentration sections for information on long-term toxic effects other than

carcinogenicity.

As listed in IRIS (search date June 28, 1995), the basis for the dibenz(a,h)anthracene and
benzo(b)fluoranthene B2 classification is no human data and sufficient data from animal bioassays.
Benzo(b)fluoranthene produced tumors in mice after lung implantation, intraperitoneal or
subcutaneous injection, and skin painting. As listed in IRIS (search date June 28, 1995), the basis
for the benzo(a)anthracene B2 classification is no human data and sufficient data from animal
bioassays. Benzo(a)anthracene produced tumors in mice exposed by gavage; intraperitoneal,
subcutaneous or intramuscular injection; and topical application. Benzo(a)anthracene produced
mutations in bacteria and in mammalian cells, and transformed mammalian cells in culture. As
listed in IRIS (search date June 28, 1995) the basis for the benzo(k)fluoranthene B2 classification
is no human data and sufficient data from animal bioassays. Benzo(k)fluoranthene produced
tumors after lung implantation in mice and when administered with a promoting agent in skin-
painting studies. [Equivocal results have been found in a lung adenoma assay in mice.

Benzo(k)fluoranthene is mutagenic in bacteria (Klaassen, et al., 1986).
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Other PAHs — those not classified by USEPA as carcinogens — are toxic to the liver, kidney and
blood. This group of PAHs includes compounds such as pyrene, acenaphthene, acenaphthylene,
benzo(g,h,i)perylene, and phenanthrene. USEPA determined RfDs for only two of these
compounds: pyrene's RfDo of 0.03 mg/kg-day is also used as a surrogate RfDo for phenanthrene.
The RfDo for acenaphthene was 0.06 mg/kg-day.

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No RfD or
SF has been set by USEPA. However, an action level for soil protective of child residents has
been proposed by USEPA Region IV, 400 mg/kg. USEPA's OSWER has recommended a
1,000 mg/kg cleanup standard for industrial properties. USEPA's Office of Water has established
a treatment technique action level of 15 ug/L. As listed in IRIS (search date October 17, 1995),
the basis for classification is sufficient animal evidence. Ten rat bioassays and one mouse assay
have shown statistically significant increases in renal tumors with dietary and subcutaneous
exposure to several soluble lead salts. Animal assays provide reproducible results in several
laboratories, in multiple rat strains with some evidence of multiple tumor sites. Short-term studies
show that lead affects gene expression. Human evidence is inadequate. An RfD and SF have not
been set because of the confounding nature of lead toxicity. Lead can accumulate in bone marrow,
and effects have been observed in the CNS, blood, and mental development of children. RfDs are
based on the assumption that a threshold must be exceeded to result in toxic effects (other than
carcinogenicity). Once lead accumulates in the body, other influences cause the actual levels in
the blood to fluctuate — sometimes the lead is attached to binding sites; sometimes lead is free
flowing. If an exposed individual has previously been exposed to lead, this individual could lose
weight and set fat-bound lead free. This fluctuation and lack of previous lead exposure data are

two of the reasons lead effects are difficult to predict (Klaassen, et al., 1986).

Antimony belongs to the same periodic group as arsenic. This element is absorbed slowly through

the gastrointestinal tract. Another target is the blood, where antimony concentrates. Due to
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frequent industrial use, the primary exposure route for antimony to the general population is food.
Antimony is also a common air pollutant from industrial emissions (Klaassen, et al., 1986).
USEPA has not classified antimony as a carcinogen, and the RfDo is 0.0004 mg/kg-day. As listed
in IRIS (search date June 28, 1995), the critical effect of this chemical is longevity, blood glucose,

and cholesterol. The uncertainty factor was 1000 and the modifying factor was 1.

Beryllium exposure via the inhalation route can cause inflammation of the lungs, a condition
known as Acute Beryllium Disease, as a result of short-term exposure to high concentrations.
Removal from exposure results in a reversal of the symptoms. Chronic exposure to much lower
levels of beryllium or beryllium oxide by inhalation has been reported to cause chronic beryllium
disease, with symptoms including shortness of breath, scarring of the lungs, and berylliosis, which
is noncancerous growths in the lungs of humans. Both forms of beryllium disease can be fatal,
depending on the severity of the exposure. Additionally, a skin allergy may develop when soluble
beryllium compounds come into contact with the skin of sensitized individuals (Gradient, 1991).
An oral RfD of 0.0054 mg/kg-day has been set for beryllium based on a chronic oral bioassay (rats
were the study species) which determined no adverse effect occurs at 0.54 mg/kg-day. Beryllium
has been classified by USEPA as a group B2 carcinogen based on animal studies. It has been
shown to induce lung cancer via inhalation in rats and monkeys, and to induce osteosarcomas in
rabbits via intravenous or intramedullary injection. Human epidemiology studies of beryllium are
considered to be inadequate. As listed in IRIS (search date June 28, 1995), the basis for the
classification is that beryllium has been shown to induce lung cancer via inhalation in rats and
monkeys and to induce osteosarcomas in rabbits via intravenous or intramedullary injection.
Human epidemiology studies are considered inadequate. An inhalation slope factor of 8.4 (mg/kg-
day)’ and an oral SF of 4.3 (mg/kg-day)’ have been set by USEPA. As listed in IRIS (search date
June 28, 1995), the critical effect of this chemical is no adverse effect. The uncertainty factor was

100 and the modifying factor was 1. The IRIS RfD in drinking water is 0.005 mg/kg-day.
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Nickel is also an essential nutrient with a five microgram dose typical of supplemental vitamins.
USEPA set the RfDo to 0.02 mg/kg-day. Chronic exposure of rats to nickel caused decreased
body and organ weights. For a chronically exposed individual, nickel salts would affect the
gastrointestinal system, and would also target the liver and kidney. This element has been shown
to be a sensitizer, an element that can produce allergic reactions. Sensitization of skin to nickel
dust has been shown to occur in industry (Dreisbach, et al., 1987). As listed in IRIS (search date
June 28, 1995), the critical effect of this chemical is decreased body and organ weights. The

uncertainty factor was 300 and the modifying factor was 1.

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel
disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the
past as a rodenticide and ant killer, and its use for these purposes is now prohibited. This element
remains in the body for a relatively long time, and could accumulate if the chronic dose is large
(Klaassen, et al., 1986; Dreisbach, et al., 1987). USEPA's RfDo for thallium is 0.00008 mg/kg-
day.

bis(2-ethylhexyl)phthalate, otherwise known as BEHP or DEHP, is a plasticizer used in virtually
every major product category. Phthalate esters are ubiquitously distributed in the environment.
Although the toxicity of this compound is relatively low, it is a carcinogen. Reproductive effects
are also possible (indicated in animal studies) due to chronic exposure to BEHP (Klaassen,
et al.,1986). As listed in IRIS (search date October 17, 1995), the basis for the classification is
orally administered BEHP produced significant dose-related increase in liver tumor responses in
rats and mice of both sexes. This compound is classified as a B2 carcinogen, and USEPA set the
RfDo and SFo to 0.02 mg/kg-day and 0.014 (mg/kg-day)’, respectively. As listed in IRIS (search
date October 17, 1995), the critical effect of this chemical is increased relative liver weight. The

uncertainty factor was determined to be 1000 and the modifying factor was determined to be 1.
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10.1.10.5 Risk Characterization

Surface Soil/Sediment Pathways

Exposure to surface soil was evaluated under residential and industrial (site worker) scenarios.
In addition, potential adolescent trespasser exposure was assessed. For each scenario, the
incidental ingestion and dermal contact exposure pathways were evaluated. For noncarcinogenic
contaminants, evaluated for future site residents, hazard was computed separately to address child
and adult exposure. With respect to surface soil and sediment pathways, each impacted area
previously discussed is addressed separately, as noted in the corresponding tables and discussions.
The nature and extent of COCs identified in each area is discussed immediately following the soil
risk characterization for each. These discussions focus on sampling locations where

concentrations exceeding residential RBCs and reference concentrations were reported.

Areal
Tables 10.1.38 and 10.1.39 present the computed carcinogenic risks and/or HQs associated with

the incidental ingestion of, and dermal contact with, Area 1 surface soil and sediment.

Hypothetical Site Residents

The ingestion ILCR (based on the adult and child lifetime weighted average) is 3E-4. The dermal
pathway ILCR is 3E-5. Arsenic, BaP (as BEQ), and beryllium are the primary contributors for
both pathways.

The computed hazard index for the adult resident is 0.6 for the soil ingestion pathway. The
computed hazard index for the child ingestion pathway is 5, with aluminum (HQ=0.2), arsenic
(HQ=4.4), and thallium (HQ=0.7) as the primary contributors. The dermal contact pathway
hazard indices are 0.1 and 0.4 for adult and child receptors, respectively. Arsenic is the primary

contributor to dermal pathway hazard.
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Table 10.1.38

Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion

SWMU 44 (Area 1) Zone C

Naval Base Charleston

Charleston, SC

Oral RfD Oral SF Potential Future Potential Future |Potential Futur |Potential Curren Potential Current
Used Used Resident adult Resident child | Resident lwa | Worker adult Worker adult

Chemical (mg/kg-day) (mg/kg-day)-1 [Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Benzo(a)pyrene equivale NA 73 ND NDI 8.1E-06 ND 9.0E-07
Aluminum 1 NA 0.024 0.22 ND 0.0086 ND
Arsenic 0.0003 1.5 0.47 1439 2.4E-04 0.17 2.7E-05
Beryllium 0.005 43 0.0005 0.005 1.3E-05 0.00020 1.5E-06
Manganese - 0.047 NA 0.0048 0.045 ND 0.00172 ND
Thallium 8E-05 NA 0.079 074 ND 0.028 ND
SUM Hazard Index/ILCR 06 5 3E-04 0.2 3E-05

NOTES:
NA Not available
ND Not Determined due to lack of available information
lwa lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime excess Cancer Risk



Table 10.1.39

Hazard Quotients and Incremental Lifetime Cancer Risks
Dermal Contact With Surface Soil

SWMU 44 (Area 1) Zone C

Naval Base Charleston

Charleston, SC

Oral RfD Oral SF Potential Future Potential Future |Potential Futu {Potential Curren Potential Current
Dermal Used Used Resident adult Resident child | Resident lwa | Worker adult  Worker adult

Chemical Adjustment (mg/kg-day (mg/kg-day)-1|Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR

Benzo(a)pyrene equiva 0.5 NA 14.6 ND ND 3.6E-06 ND 1.5E-06
Aluminum 0.2 0.2 NA 0.005 0.02 ND 0.004 ND
Arsenic 0.2 6E-05 75 0.10 0.32 2.7E-05 0.07 1.1E-05
Beryllium 0.2 0.001 215 0.0001 0.0004 1.5E-06 0.0001 6.2E-07
Manganese - 02 0.0094 NA 0.0010 0.003 ND 0.0007 ND
Thallium 02 1.6E-05 NA 0.016 0.053 ND 0.012 ND
SUM Hazard Index/ILCR 01 04 3E-05 0.08 1E-05

NOTES:
NA Not available
ND Not Determined due to lack of available information
iwa lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime excess Cancer Risk
- Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RfD (i.e., the oral RfD is based
on oral absorption efficiency which should not be applied to dermal exposure and dermal CD!)
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COCs identified for this scenario based on their contribution to risk/hazard are aluminum, arsenic,

BEQs, beryllium, and thallium.

Hypothetical Site Workers

Site worker ILCRs are 3E-5 and 1E-5 for the ingestion and dermal contact pathways, respectively.
Arsenic and beryllium are the primary contributors along with BEQs. The hazard indices for the
ingestion and dermal hypothetical site worker are both projected to be 0.2 and 0.08, respectively.

Arsenic is the only significant contributor for both pathways.

COC:s identified for this scenario based on their contribution to risk/hazard are arsenic, beryllium,

and BEQs.

Nature and Extent of Surface Soil/Sediment COCs — Area 1

Aluminum, arsenic, beryllium, thallium and BEQs were identified as COCs in SWMU 44 Area 1.
Aluminum was detected in only one sample (044SB00601) at a concentration exceeding the
background concentration. As a result, chronic exposure to elevated aluminum concentrations is
unlikely. In fact, all other surface soil and sediment samples collected in this area had aluminum
concentrations below the residential RBC. Arsenic concentrations are elevated in surface soil and
sediment throughout Area 1. Beryllium was detected in both surface soil samples collected in this
area, but was not detected in sediment. Although the reported beryllium concentrations are above
the residential RBC, the maximum concentration (2.0 mg/kg; 044SB00601) does not differ
appreciably from background concentrations reported in other zones (Zone H — 1.46 mg/kg,
Zone I —3.17 mg/kg). Thallium was detected in three of four surface soil and sediment samples
collected in this area. No thallium detections were reported in Zone C background surface soil
samples, indicating that the concentrations reported in SWMU 44 Area 1 may be related to past

or current site operations.
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Area 2
Tables 10.1.40 and 10.1.41 present the computed carcinogenic risks and/or HQs associated with

the incidental ingestion of and dermal contact with Area 2 surface soil and sediment.

Hypothetical Site Residents
The ingestion ILCR (based on the adult and child lifetime weighted average) is 3E-4. The dermal
pathway ILCR is 4E-5. Arsenic, BEQs, and beryllium are the primary contributors for the

ingestion pathway. Arsenic and BEQs are the primary contributors for the dermal pathway.

The computed hazard index for the adult resident is 0.7 for the soil ingestion pathway. The
computed hazard index for the child ingestion pathway is 6, with arsenic (HQ=35.8) as the primary

contributor. The dermal contact pathway hazard indices are 0.1 for the adult resident and 0.4

for the child resident. Arsenic is the only significant contributor to the dermal pathway hazard.

COC:s identified for this scenario based on their contribution to risk/hazard are arsenic, BEQs,

beryllium, and thallium.

Hypothetical Site Workers
Site worker ILCRs are 4E-5 and 2E-5 for the ingestion and dermal contact pathways, respectively.
Arsenic and BEQs are the only contributors for both pathways. The hazard indices for the

ingestion and dermal hypothetical site worker are both projected to be less than 0.3.

COCs identified for this scenario based on their contribution to risk/hazard are: arsenic and

BEQs.
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Table 10.1.40

Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion

SWMU 44 (Area 2) Zone C

Naval Base Charleston

Charleston, SC

Oral RfD Oral SF Potential Future Potential Future|Potential Futur JPotential Curren Potential Current
Used Used Resident adult Resident child | Resident lwa | Worker adult Worker aduit

Chemical {mg/kg-day) (mg/kg-day)-1 |Hazard Quotient Hazard Quotientl ILCR Hazard Quotient ILCR
Benzo(a)pyrene equiva NA 7.3 ND ND 8.1E-06 ND 9.0E-07
Chromium 1 NA 0.0001 0.0008 ND 0.00003 ND
Arsenic 0.0003 1.5 0.63 5.84 3.2E-04 0.22 3.6E-05
Beryllium 0.005 4.3 0.0002 0.002 4.4E-06 0.00006 4 9E-07
Manganese 0.047 NA 0.0030 0.028 ND 0.00108 ND
Thallium 8E-05 NA 0.041 0.38 ND 0.015 ND
SUM Hazard Index/ILCR 07 6 3E-04 0.2 4E-05

NOTES:
NA Not available
ND Not Determined due to lack of available information
lwa lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime excess Cancer Risk



Table 10.1.41

Hazard Quotients and Incremental Lifetime Cancer Risks
Dermal Contact With Surface Soil

SWMU 44 (Area 2) Zone C

Naval Base Charleston

Charleston, SC

Oral RfD Oral SF Potential Future Potential Future | Potential Futu |Potential Curren Potential Current

Dermal Used Used Resident adult Resident child | Resident lwa | Worker adult  Worker adult
Chemical Adjustment (mg/kg-day (ma/kg-day)-1[Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
I

Benzo(a)pyrene equiva 0.5 NA 14.6 ND ND 3.6E-06 ND 1.5E-06
Chromium 0.2 0.2 NA 0.00002 0.0001 ND 0.00001 ND
Arsenic 0.2 6E-05 75 0.13 0.42 3.6E-05 0.08 1.5E-05
Beryllium 0.2 0.001 215 0.0000 0.0001 4.9E-07 0.0000 2.0E-07
Manganese - 0.2 0.0094 NA 0.0006 0.002 ND 0.0004 ND
Thallium 0.2 1.6E-05 NA 0.008 0.028 ND 0.006 ND
SUM Hazard Index/ILCR 01 05 4E-05 0.10 2E-05

NOTES:
NA Not available
ND Not Determined due to lack of available information
Iwa lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime excess Cancer Risk
-~ Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RfD (i.e., the oral RfD is based
on oral absorption efficiency which should not be applied to dermal exposure and dermal CDI)
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Nature and Extent of Surface Soil/Sediment COCs — Area 2

Arsenic, beryllium, chromium, thallium, and BEQs were identified as COCs in SWMU 44 Area 2.
Arsenic concentrations were elevated in each surface soil and sediment sample collected in Area 2.
Beryllium was detected in each sample collected in this area. Although the reported beryllium
concentrations are above the residential RBC, the maximum concentration (0.55 mg/kg;
044SB00801) is below background levels reported in other zones (Zone H — 1.46 mg/kg, Zone I
— 3.17 mg/kg). Thallium was detected only in sample 044MO00901 at a concentration of
2.4 mg/kg. The fact that no thallium detections were reported in Zone C background surface soil
samples indicates that the concentrations reported in SWMU 44 Area 2 may be related to past or
current site operations. As mentioned in Exposure Point Concentrations, SVOCs were analyzed
on an extremely limited basis for SWMU 44 surface soil and sediment. The BEQ concentration
used for ILCR projections in Area 2 was derived from the results for sample 044SB00701
collected in Area 1. Very little confidence can be placed in resultant ILCR projections for Area 2.
These projections should be viewed as qualitative information indicating that surface soil and/or

sediment BEQ concentrations in each area of SWMU 44 could pose an unacceptable risk.

Area 3
Tables 10.1.42 and 10.1.43 present the computed carcinogenic risks and/or HQs associated with

the incidental ingestion of and dermal contact with Area 3 surface soil and sediment.

Hypothetical Site Residents
The ingestion ILCR (based on the adult and child lifetime weighted average) is 2E4. The dermal
pathway ILCR is 2E-5. Arsenic, beryllium and BEQs were the primary contributors for the

ingestion pathway. Arsenic and BEQs were the primary contributors for the dermal pathway.
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Table 10.1.42

Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion

SWMU 44 (Area 3) Zone C

Naval Base Charleston

Charieston, SC

Oral RfD Oral SF Potential Future Potential Future |Potential Futur [Potential Curren Potential Current
Used Used Resident adult Resident child | Resident lwa | Worker adult = Worker adult
Chemical (mg/kg-day) (mg/kg-day)-1 |Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Benzo(a)pyrene equivale NA 73 ND ND 8.1E-06 ND 9.0E-07
Aluminum 1 NA 0.015 0.14 ND 0.0053 ND
Arsenic 0.0003 15 0.28 2.65 1.5E-04 0.10 1.6E-05
Beryllium 0.005 43 0.0002 0.002 4.4E-06 0.00006 4 9E-07
Chromium . 1 NA 0.0001 0.0005 ND 0.00002 ND
Manganese 0.047 NA 0.0028 0.026 ND 0.00100 ND
Thallium 8E-05 NA 0.033 . 0.30 ND 0.012 ND
SUM Hazard index/ILCR 03 3 2E-04 0.1 2E-05
NOTES:

NA Not available

ND Not Determined due to lack of available information

lwa lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime excess Cancer Risk



Table 10.1.43

Hazard Quotients and Incremental Lifetime Cancer Risks
Dermal Contact With Surface Soil

SWMU 44 (Area 3) Zone C

Naval Base Charleston

Charleston, SC

Oral RfD Oral SF Potential Future Potential Future |Potential Futu |Potential Curren Potential Current
Dermal Used Used Resident adult Resident child | Resident Iwa | Worker adult  Worker adult

Chemical Adjustment (mg/kg-day (mg/kg-day)-1|Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR

Benzo(a)pyrene equiva 05 NA 14.6 ND ND 3.6E-06 ND 1.5E-06
Aluminum 0.2 0.2 NA 0.003 0.01 ND 0.002 ND
Arsenic 0.2 6E-05 175 0.06 0.19 1.6E-05 0.04 6.7E-06
Beryllium 0.2 0.001 215 0.00004 0.0001 4 9E-07 0.00003 2.0E-07
Chromium . 02 0.2 NA 0.00001 0.00004 ND 0.00001 ND
Manganese 0.2 0.0094 NA 0.0006 0.002 ND 0.0004 ND
Thallium 0.2 1.6E-05 NA 0.007 0.022 ND 0.005 ND
SUM Hazard Index/ILCR 0.07 . 0.23 2E-05 0.05 : 8E-06

NOTES:
NA Not available
ND Not Determined due to lack of available information
lwa lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime excess Cancer Risk
- Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RfD (i.e., the oral RfD is based
on oral absorption efficiency which should not be applied to dermal exposure and dermal CDI)
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The computed hazard index for the adult resident was 0.3 for the soil ingestion pathway. The
computed hazard index for the child ingestion pathway was 3, with aluminum (HQ=0.1), arsenic
(HQ=2.7), and thallium (HQ=0.3) as the primary contributors. The dermal contact pathway
hazard indices were 0.07 and 0.2 for adult residents and child residents, respectively. Arsenic was

the primary contributor in both instances.

COCs identified for this scenario based on their contribution to risk/hazard are: aluminum,

arsenic, beryllium, BEQs, and thallium.

Hypothetical Site Workers
Site worker ILCRs are 2E-5 and 8E-6 for the ingestion and dermal contact pathways, respectively.
Arsenic and BEQs are the primary contributors for both pathways. The hazard indices for the

ingestion and dermal hypothetical site worker are both projected to be less than or equal to 0.1.

COCs identified for this scenario based on their contribution to risk/hazard are arsenic and BEQs.

Nature and Extent of Surface Soil/Sediment COCs — Area 3

Aluminum, arsenic, beryllium, thallium, and BEQs were identified as COCs in SWMU 44 Area 3.
Aluminum was detected in only one sample (044MO012; 10,900 mg/kg) at a concentration
exceeding the background reference concentration. As a result, chronic exposure to elevated
aluminum concentrations is unlikely. Arsenic concentrations were elevated in both sediment
samples collected in Area 3. Beryllium was detected in one sediment sample collected in this area.
Although the reported beryllium concentration is above the residential RBC, the maximum
(0.65 mg/kg; 044M012) is actually below background levels reported in other zones (Zone H —
1.46 mg/kg, Zone I — 3.17 mg/kg). Thallium was detected in both sediment samples collected
in this area. No thallium detections were reported in Zone C background surface soil samples

indicating that the concentrations reported in SWMU 44 Area 3 may be related to past or current
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site operations. As mentioned in Exposure Point Concentrations, SVOCs were analyzed on an
extremely limited basis for SWMU 44 surface soil and sediment. The BEQ concentration used
for ILCR projections in Area 3 was derived from the results for sample 044SB00701 collected in
Area 1. Very little confidence can be placed in resultant ILCR projections for Area 3. These
projections should be viewed as qualitative information indicating that surface soil and/or sediment

BEQ concentrations in each area of SWMU 44 could pose an unacceptable risk.

Area 4
Tables 10.1.44 and 10.1.45 present the computed carcinogenic risks and/or HQs associated with

the incidental ingestion of and dermal contact with Area 4 surface soil and sediment.
Hypothetical Site Residents
The ingestion ILCR (based on the adult and child lifetime weighted average) is 8E-6. The dermal

pathway ILCR is 4E-6. BEQs are the sole contributor in both instances.

The computed hazard indices for the adult and child resident ingestion and dermal contact

pathways are 0.1 or less.

COC:s identified for this scenario based on their contribution to risk/hazard are BEQs.
Hypothetical Site Workers

Site worker ILCRs are 9E-7 and 1E-6 for the ingestion and dermal contact pathways, respectively.
BEQs are the only contributors for both pathways. The hazard indices for the hypothetical site

worker ingestion and dermal contact pathways were both projected to be less than 0.1.

COCs identified for this scenario based on their contribution to risk/hazard are BEQs.
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Table 10.1.44

Hazard Quotients and Incremental Lifetime Cancer Risks
Incidental Surface Soil Ingestion

SWMU 44 (Area 4) Zone C

Naval Base Charleston

Charieston, SC

Oral RfD Oral SF Potential Future Potential Future |Potential Futur |Potential Curren Potential Current
Used Used Resident adult Resident child | Resident lwa | Worker adult  Worker adult
Chemical (mg/kg-day) (mg/kg-day)-1 |Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Benzo(a)pyrene equivalent NA 7.3 ND ND 8.1E-06 ND 9.0E-07
Thallium 8E-05 NA 0.011 0.1 ND 0.004 ND
SUM Hazard Index/ILCR 0.01 0.1 8E-06 0.004 9E-07

NOTES:
NA Not available
ND Not Determined due to lack of available information
lwa lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime excess Cancer Risk



Table 10.1.45

Hazard Quotients and Incremental Lifetime Cancer Risks
Dermal Contact With Surface Soil

SWMU 44 (Area 4) Zone C

Naval Base Charleston

Charleston, SC

Oral RfD Oral SF Potential Future Potential Future |Potential Futu |Potential Curren Potential Current
Dermal Used Used Resident adult Resident child | Resident lwa | Worker adult  Worker adult
Chemical Adjustment (mg/kg-day (mg/kg-day)-1|Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
I
Benzo(a)pyrene equiva 05 NA 14.6 ND ND 3.6E-06 ND 1.5E-06
Thallium 0.2 1.6E-05 NA 0.002 0.008 ND 0.002 ND

SUM Hazard Index/ILCR 0.002 0.008 4E-06 0.002 1E-06

NOTES:
NA Not available
ND Not Determined due to lack of available information
lwa lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
ILCR Incremental Lifetime excess Cancer Risk
- Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RfD (i.e., the oral RfD is based
on oral absorption efficiency which should not be applied to dermal exposure and dermal CDI)
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Nature and Extent of Surface Soil/Sediment COCs — Area 4

Only BEQs were identified as COCs in SWMU 44 Area 4. As mentioned in Exposure Point
Concentrations, SVOCs were analyzed on an extremely limited basis for SWMU 44 surface soil
and sediment. The BEQ concentration used for ILCR projections in Area 4 was derived from the
results for sample 044SB00701 collected in Area 1. Very little confidence can be placed in
resultant ILCR projections for Area 4. These projections should be viewed as qualitative
information indicating that surface soil and/or sediment BEQ concentrations in each area of

SWMU 44 could pose an unacceptable risk.

Overall SWMU 44

Adolescent Trespasser

Tables 10.1.46 and 10.1.47 present the computed carcinogenic risks and/or HQs associated with
the incidental ingestion of and dermal contact with overall SWMU 44 surface soil and sediment
by adolescent trespassers. The ingestion ILCR is 5E-6, and the dermal pathway ILCR is 1E-5.

Arsenic is the only significant contributor for the ingestion and dermal contact pathways.

The computed hazard index is 0.09 for the soil ingestion pathway, and 0.2 for the dermal contact

pathway. Arsenic is the primary contributor for both pathways.

The only COC identified for this scenario based on its contribution to risk/hazard is arsenic,
which was detected above the background reference concentration at eight of 19 surface soil and

sediment sampling locations.

Groundwater Pathways
SWMU 44 groundwater is not currently used as a potable or process water source. Exposure to
groundwater onsite was evaluated site-wide under both residential and industrial scenarios. For

these scenarios, the ingestion exposure pathway was evaluated assuming the site will be used in
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Table 10.1.46

Hazard Quotients and incremental Lifetime Cancer Risks

Incidental Surface Soil/Sediment Ingestion
SWMU 44 Zone C

Naval Base Charleston

Charleston, SC

Potential Future
Adolescent Trespasse,
Hazard Quotient

Potential Future
Adolescent Trespasse
ILCR

Oral RfD Oral SF
Used Used

Chemical (mg/kg-day) (mg/kg-day)-1

Benzo(a)pyrene Equivalent NA 7.3
Aluminum 1 NA
Arsenic 0.0003 1.5
Beryllium 0.005 43
Chromium 0.005 NA
Manganese 0.047 NA
Thallium 8E-05 NA

SUM Hazard index/ILCR

NOTES:
NA Not available

ND
0.003
0.072

0.00006
0.0019
0.0006

0.0091

0.09

1.2E-07
NA
4.6E-06
1.9E-07
ND
ND
ND

5E-06

ND Not Determined due to lack of available information

ILCR

Incremental Lifetime excess Cancer Risk



Table 10.1.47

Hazard Quotients and Incremental Lifetime Cancer Risks
Dermal Contact with Surface Soil/Sediment

SWMU 44 Zone C

Naval Base Charleston

Charleston, SC

Adjusted
Oral RfD Oral SF Potential Future Potential Future

Dermal Used Used Adolescent Trespasse|Adolescent Trespasse
Chemical Adjustment (mg/kg-day (mg/kg-day)-1| Hazard Quotient ILCR
Benzo(a)pyrene Equiv 0.5 NA 14.6 ND 9.6E-08
Aluminum 0.2 0.2 NA 0.0057 ND
Arsenic 0.2 6E-05 75 0.15 9.5E-06
Beryllium 02 0.001 215 0.00013 4.0E-07
Chromium 0.2 0.001 NA 0.00040 ND
Manganese 0.2 0.0094 NA 0.00011 ND
Thallium 0.2 1.6E-05 NA 0.0019 ND
SUM Hazard Index/ILCR 0.16 1E-05

NOTES:
NA Not available
ND Not Determined due to lack of available information
ILCR Incremental Lifetime excess Cancer Risk
- Dermal to absorbed dose adjustment factor is applied to adjust for Oral SF and RfD (i.e., the oral RfD is based
on oral absorption efficiency which should not be applied to dermal exposure and dermal CDI)
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the future for residential purposes and that an unfiltered well, drawing from the shallow water-
bearing zone, will be used as the domestic water source. For noncarcinogenic contaminants
evaluated relative to future site residents, hazard was computed separately to address child and

adult exposure.

Shallow Groundwater
Table 10.1.48 presents the risk and hazard for the ingestion exposure pathway for shallow

groundwater.

Hypothetical Site Residents

The shallow groundwater ingestion ILCR for hypothetical site residents is 2E-3. Arsenic,
beryllium, bis(2-ethylhexyl)phthalate, and 2,3,7,8-TCDD equivalents were the primary
contributors. The hazard indices for the ingestion pathway for the adult and child resident are
6 and 13, respectively. Aluminum, arsenic and manganese were the primary contributors. No
volatile COPCs were identified in the shallow aquifer; consequently, the inhalation pathway was

not evaluated.

COCs identified for this scenario based on their contribution to risk/hazard are: aluminum,
antimony, arsenic, beryllium, bis(2-ethylhexyl)phthalate, 2,3,7,8-TCDD equivalents, manganese,

and nickel.

Hypothetical Site Workers

The shallow groundwater risk posed to future site workers is 6E-4 ILCR for the ingestion
exposure pathway. Arsenic and beryllium are the primary contributors. The hazard index for the
ingestion exposure pathway was calculated to be 2. Manganese, arsenic and aluminum are the

primary contributors in decreasing order of significance.
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Table 10.1.48

Hazard Quotients and incremental Lifetime Cancer Risks

Shallow Groundwater Ingestion
SWMU 44 Zone C

Naval Base Charleston
Charleston, SC

Oral RID Qral SF Potential Future Potentia! Future |Potential Futur | Potential Future Potential Future
Used Used Resident adult Resident child | Residenttwa | Worker adult Worker adult

Chemical (mg/kg-day) (mg/kg-day)-1 [Hazard Quotient Hazard Quotient ILCR Hazard Quotient ILCR
Aluminum 1 NA 1.0 24 ND 037 ND
Antimony 0.0004 NA 0.3 0.6 ND 0.10 ND
Arsenic 0.0003 1.5 14 33 3.5E-04 0.50 1.1E-04
Beryllium 0.005 43 0.1 03 1.4E-03 0.04 4.5E-04
Bis(2-Ethylhexyl)phth 0.02 0.014 0.011 0.026 1.7E-06 0.0039 5.4E-07
Lead ‘NA NA ND ND ND ND ND
Manganese 0.023 NA 24 55 ND 0.8 ND
Nickel 0.02 NA 0.30 0.71 ND 0.11 ND
2,3,7,8-TCDD equival NA 150000 ND ND 1.2E-06 ND 3.9E-07
Acetophenone 0.1 NA 0.0003 0.0006 ND 0.0001 ND
SUM Hazard Index/ILCR 6 13 2E-03 2 6E-04

NOTES:
NA
ND
wa
ILCR

Not available
Not Determined due to lack

of available information

lifetime weighted average; used to calculate excess carcinogenic risk derived from RAGS Part A
Incremental Lifetime excess Cancer Risk
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COCs identified for this scenario based on their contributions to risk/hazard are aluminum,

arsenic, beryllium, and manganese.

Current Site Workers
Shallow groundwater is not currently used as a potable water source for SWMU 44 or other areas
of Zone C. In the absence of a completed exposure pathway, no threat to human health is posed

by reported shallow groundwater contamination.

Lead Toxicity

The maximum shallow groundwater lead concentration reported at SWMU 44 (19.8 ug/L) is above
the USEPA Office of Water treatment technique action level of 15 ug/L. The second highest lead
concentration is 9.65 pg/L, and the mean for all SWMU 44 shallow monitoring wells was
computed to be 6.8 ug/L. As a result, shallow groundwater lead concentrations reported at
SWMU 44 are not considered to pose a significant threat to hypothetical future site residents.
Subsequent quarterly groundwater results showed lead levels (in the maximally impacted well)
below the TTAL (ND to 5.7 ug/l). These data corroborate the conclusion based on first quarter

samples.

Nature and Extent of Shallow Groundwater COCs — SWMU 44

Aluminum, antimony, arsenic, beryllium, bis(2-ethylhexyl)phthalate, nickel, 2,3,7,8-TCDD
equivalents and manganese were identified as COCs in SWMU 44 shallow groundwater based on
hypothetical future resident potable use. Only one of eight aluminum detections in groundwater
(well 044001; 38 mg/L) exceeded the tap water RBC. Results from well 004001 remained above

RBC and reference concentrations in subsequent quarterly samples.
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Arsenic was detected in four wells, with each concentration above the tap water RBC. Arsenic
was detected in Zone C background monitoring wells, and as a result, a reference concentration
of 0.0061 mg/l was computed. The maximum concentration at SWMU 44 (15.3 ug/L) is below
the reference concentrations computed for other zones (Zone H — 27.9 ug/L; Zone I — 35.0 pg/L)
as well as the MCL of 50 ug/L. Arsenic was detected above its reference concentration in wells
044001 and 044004 during subsequent quarterly sampling events, but did not exceed the MCL in

any instance.

Antimony was detected in samples collected from two of eight shallow monitoring wells at
SWMU 44 (044001 and 044004). Antimony was detected consistently at less than ng/l during
rounds 2 through 5 in wells 044001, 044003, 044004, 044006, and 044008. Beryllium was
detected in only one SWMU 44 shallow monitoring well (044001). The concentration at this
location (21.9 ug/L) is well above the tap water RBC and the MCL (4 pg/L). The isolated
detection of beryllium suggests that chronic exposure at the EPC is unlikely. Beryllium levels
remain high in well 044001 in subsequent quarters, with concentrations ranging from 17.5 to
32.9 ng/l. It was detected sporadically in other SWMU 44 wells in rounds 2 through 5. BEHP
was detected in one sample (044GW00601) at a concentration of 8ug/L. This compound is a
common laboratory contaminant and detections in this range are often related to exogenous
sources. Second quarter shallow groundwater data should be evaluated to confirm or refute the
presence of BEHP. BEHP was detected at 1 ug/l second quarter but was nondetected in all

subsequent rounds.

Seven of eight reported manganese concentrations exceeded both the tap water RBC and the
Zone C reference concentration. Manganese levels were fairly consistent across SWMU 44
ranging from 418 to 1,940 ug/L compared to the reference concentration of 608 ug/L. The
maximum concentration was reported in sample 044GW00101. The distribution of manganese

concentrations in shallow groundwater roughly mimics that of iron, suggesting a relationship
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between the source of the two elements. The SWMU 44 area has reportedly received a significant
amount of fill material over time as tidal marshes were reclaimed for use at NAVBASE.
Placement of iron (and manganese) rich sediment (dredge material) at SWMU 44 could account
for concentrations elevated relative to reference locations that had not been similarly affected.
Elevated manganese concentrations were reported routinely through subsequent quarterly sampling

events.

Nickel was detected at concentrations above the tap water RBC at two locations (044MWO001 and
044MWO003). The relative nickel concentration distribution also mimic those of iron in shallow
groundwater. As a result, the same source as that postulated for manganese is also plausible for
nickel. The mean nickel concentration at SWMU 44 (41.6 ug/L) is below the tap water RBC.

Nickel concentrations remain elevated in these two wells.

2,3,7,8-TCDD equivalents were detected in the one shallow groundwater sample analyzed at a
concentration of 5.4E-10 mg/L. Due to the hydrophobic nature of dioxins, they are not expected
to migrate from soil to groundwater. It has been suspected that first-quarter results may reflect
the influence of sediment entrained in the monitored zone during well installation. Consideration
of future quarterly sampling results will confirm or refute the presence of 2,3,7,8-TCDD
equivalents in shallow groundwater. This review will facilitate responsible and sound risk
management decisions. Low level 2,3,7,8-TCDD equivalent hits (<2E-10 mg/l) were reported
in round 2 through 4 samples from well 044004.

COCs Identified

Identification of chemicals of concern was based on cumulative (all pathway) risk and hazard
projected for SWMU 44. COCs were selected for surface soil, sediment, and shallow
groundwater. USEPA has established a generally acceptable risk range of 1E-4 to 1E-6, and a
hazard index threshold of 1.0 (unity). In Zone C BRAs, a COC was considered to be any
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chemical contributing to a cumulative risk level of 1E-6 or greater and/or a cumulative hazard
index above 1.0, if its individual ILCR exceeds 1E-6 or its hazard quotient exceeds 0.1. For
carcinogens, this approach is relatively conservative, because a cumulative risk level of 1E<4 (and
individual ILCR of 1E-6) is recommended by USEPA Region IV as the trigger for establishing
COCs. The COC selection algorithm presented was used to provide a more comprehensive
evaluation of chemicals contributing to carcinogenic risk or noncarcinogenic hazard during the
remedial goal options development process. Table 10.1.49 summarizes the COCs identified at

SWMU 44 on a medium- and area-specific basis.

10.1.10.6 Risk Uncertainty

Characterization of Exposure Setting and Identification of Exposure Pathways

The potential for high bias is introduced through exposure setting and pathway selection due to
the highly conservative assumptions (i.e., future residential use) recommended by USEPA
Region IV when assessing potential future and current exposure. The exposure assumptions made

in the site worker scenario are highly protective and would tend to overestimate exposure.

Site workers are exposed to surface soils when walking across the site or during maintenance
activities. However, site workers would not be expected to work onsite in contact with affected
media for eight hours per day, 250 days per year as assumed in the exposure assessment. Most
of SWMU 44 is poorly drained filled tidal marsh. The characteristics of this type of environment
tend to minimize frequent foot traffic and thus contact with affected surface soil and sediment.
Furthermore, access to certain areas, particularly in the northern portion of the SWMU, are
restricted by dense vegetation which would further reduce the potential for exposure. Performing
maintenance activities onsite 52-days per year would result in one-fifth the projected risk/hazard
for site workers. In addition, maintenance activities would likely be restricted to areas

immediately adjacent to the rail lines and coal offload trestles.
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Table 10.1.49

Summary of Risk and Hazard-based COCs

SWMU 44 Zone C
NAVBASE - Charleston

Charleston, South Carolina

Exposure Area 1 Area 2 Area 3 Area 4 Adolescent
Medium Pathway Resident Worker |Resident Worker |Resident Worker |Resident Worker [Trespasser
Surface Soil/ Incidental Benzo(a)pyrene equival| X-c X-c X-c X-c
Ingestion Chromium
Sediment Aluminum X-nc X-nc
Arsenic X-c,nc X-c X-nc,c X-c X-nc,c X-c X-c
Beryltium X-c X-c X-c X-c
Manganese X-
Thallium X-nc X-nc X-nc X-nc
Dermal Conta Benzo(a)pyrene equival] X-c X-c X-c X-c X-¢c X-c X-c X-c
Chromium
Aluminum
Arsenic X-nc.c X-c X-nc,c X-c X-nc,c X-c X-c
Beryitium X-c X-c
Manganese
Thallium
Surface Soil/Sediment Pathway ILCR Sum 3E-04 3E-05| 4E-04 5E-05| 2E-04 3E-05 1E-05 2E-06 1E-05
Surface Soil/Sediment Pathway Cumulative Hazard Index 5.7 0.3 6.7 0.3 35 0.2 0.1 0.01 0.3
Shallow Ingestion Aluminum X-nc X-nc
Groundwater Antimony X-n¢ X-nc
Arsenic X-nc,c  X-nc,c
Beryllium X-nc,c X-c
Bis(2-Ethylhexyl)phthal X-c
Lead
Manganese X-nc X-nc
Nickel X-nc
2,3,7,8-TCDD equivalen]| X-c
Acetophenone
Shallow Groundwater Pathway ILCR Sum 2E-03 6E-04
Shallow Groundwater Pathway Cumulative Hazard Index 33 5

Notes:

ND indicates not determined due to the lack of available risk information.
ILCR indicates incremental excess lifetime cancer risk

Hl indicates hazard index

X-nc indicates chemical is a COC by virtue of projected noncarcinogenic hazard quotient
X-c indicates chemical is a COC by virtue of projected ILCR.
X-nc,c indicates chemical is a COC by virtue of both projected noncarcinogenic hazard quotient and ILCR
Shallow groundwater pathway risk/hazard projections were not segregated by area.
For each area/medium/pathway, the resident cumulative hazard index is based on the child receptor.
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Residential use of the site would not be expected, based on current site uses and the nature of the
parcel. Current reuse plans call for continued nonresidential use of the SWMU 44 land,
specifically as open buffer space. If this area were used as a residential site, extensive site
alteration would be necessary. As previously discussed, much of the parcel west of the railroad
tracks is poorly drained former tidal marsh. During the RFI, it was noted that the drainage ditch
which forms the western site boundary and other areas in SWMU 44 are occasionally flooded
during high tide. As a result, extensive filling and/or regrading would be necessary in order to
render the parcel fit for private residential development. Due to the nature of the former site
operations, the portions of the site close to the raillines and coal offload trestles would likely
require some form of surface soil regrading to address purely aesthetic issues, as coal dust and
other residuum are present throughout these areas. Rail lines would be removed as a matter of

course as part of residential development.

No site features in SWMU 44 would have a pronounced impact on adolescent trespasser exposure
to any specific area. Although physical impediments exist such as pluff mud, poorly drained soil
and dense vegetation, it is still possible that infrequent surface soil and sediment contact could
occur. Infrequent exposure (26 days/year) was assumed for this group to account for these
conditions. The entire investigative area comprises approximately fourteen acres, and the most
heavily impacted (from an inorganic COC perspective) areas appear to be concentrated in the
extreme northern portion of the site and the western drainage ditch. No modification of EPCs was

made to account for contaminant distributions when addressing the adolescent trespasser scenario.

Shallow groundwater is not currently used at SWMU 44 for potable or industrial purposes. A
basewide system provides drinking and process water to buildings and parcels throughout Zone C.
This system is slated to remain in operation under the current base reuse plan. As a result,

shallow groundwater would not be expected to be used under future site use scenarios. Therefore,
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the scenario established to project risk/hazard associated with shallow groundwater exposure is

highly conservative, and associated pathways are not expected to be completed in the future.

Determination of Exposure Point Concentrations

The maximum concentrations reported in shallow groundwater were used to calculate risk/hazard
for all COPCs. The use of maximum reported concentrations is expected to result in an
overestimate of CDI and the resulting risk/hazard. In surface soil, the maximum concentrations
of COPCs identified in four distinct areas were used to calculate potential exposure. A high
degree of uncertainty exists relative to quantification of soil semivolatile exposure. A single
sample was considered to represent semivolatile concentrations across the SWMU. Due to the
limited information, the degree to which this assumption affects risk/hazard estimates can not be

adequately estimated.

Frequency of Detection and Spatial Distribution

In each of the four areas broken out for assessment of surface soil and sediment risk/hazard, the
maximum concentration of each COPC was used to calculate potential exposure. The distribution
of each COC identified for surface soil and sediment is discussed in Section 10.1.10.5. The
following discussion outlines how these distributions affect the confidence that can be placed in
exposure estimates as well as any measures of variability. Because most of SWMU 44 has
reportedly been filled over time for land reclamation, it is not unexpected that the composition of
soil and sediment at this site resembles that of other areas (Zone H and Zone I) that were also
reclaimed. As a result, SWMU 44 soil and sediment results are compared (where applicable) to

reference concentrations for these other zones.

Aluminum, arsenic, beryllium, thallium, and BEQs were identified as COCs in SWMU 44 surface
soil and sediment. However, aluminum, beryllium, and manganese concentrations in soil and

sediment are below reference concentrations for Zones H and I. There is also no recognizable
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correlation between the concentrations of these elements at SWMU 44 and those of arsenic and
thallium which appear to be related to site operations as discussed below. Due to the similarities
in material origin between SWMU 44 and Zones H and I, it can be reasoned that observed
concentrations of aluminum, beryilium, and manganese indicate naturally occurring and/or non
SWMU-related anthropogenic levels in the parent material (dredge spoils and other imported fill
material). As a result, it cannot be definitively concluded that the risk/hazard projections made
for these elements in each SWMU 44 area indicate a threat to human health in excess of that posed

by nonimpacted media.

Arsenic concentrations are generally elevated above the Zone C background reference
concentration (24.94 mg/kg) in numerous surface soil and sediment samples collected throughout
SWMU 44. For comparison, the reference concentration for this element was 14.8 mg/kg in
Zone H. Eight of 19 surface soil and sediment samples collected at SWMU 44 reported arsenic
concentrations in excess of the Zone H background reference concentration. These comparisons
suggest that arsenic concentrations are truly elevated in the affected samples. It may be concluded

that current and former site operations have served as a source of arsenic.

Thallium, which was detected in six of 19 surface soil and sediment samples collected at
SWMU 44, was not detected in Zone C background surface soil samples. The corresponding
Zone H background reference concentration was computed to be 0.63 mg/kg. Each reported
detection at SWMU 44 exceeded this alternate background estimate, indicating that the

concentrations reported in SWMU 44 may be related to past or current site operations.

In shallow groundwater, the maximum concentrations of aluminum, antimony, beryllium, lead
manganese and nickel were reported in monitoring well 044001. This well is located east of the
coal offload trestles close to a surface water runoff collection point. First-quarter results support

at least two hypotheses. The first is that surface water runoff has led to an accumulation of
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inorganic parameters in local sediment and shallow groundwater as contaminants were transported
from the coal offloading area. The second hypothesis is that sediments entrained in the borehole
annular space during well construction were sampled along with the liquid phase, and that first-
quarter analytical results indicate elevated concentrations due to solid phase contributions.

Subsequent quarterly monitoring results should serve to confirm or refute these hypotheses.

Quantification of Risk/Hazard

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is
great. In addition, many site-specific factors have affected the uncertainty of this assessment that
would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of

uncertainty are discussed below.

Soil
Of the CPSSs screened and eliminated from formal assessment because they did not exceed the
corresponding RBCs, none was reported at a concentration within 10% of its RBC. This

minimizes the likelihood of potentially significant cumulative risk/hazard with respect to the
eliminated CPSSs.

Central tendency analysis was not formally performed for SWMU 44 surface soil and sediment,
but a simplified approach was taken to assess the potential influences of CT assumptions. The
central tendency assumption for residential exposure duration is 9 years compared to the 30-year
assumption for RME. The CT exposure frequency assumption is 234 days/year compared to
350 days/year RME. The traditional CT ingestion rate assumptions reduce adult and child rates
by 50%. If all other exposure assumptions remain fixed, application of the CT exposure duration
and frequency as well as ingestion rates would result in risk and hazard projections approximately
90% below the RME. At CT, the residential surface soil and sediment pathway related risk

(incidental ingestion and dermal contact) would fall below 1E-4 but remain above the 1E-6 point

10.1.101

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24



Zone C RCRA Facility Investigation Report
NAVBASE Charleston

Section 10 — Site-Specific Evaluations
Revision: 0

of departure for Areas 1, 2 and 3. The cumulative hazard index for ingestion and dermal contact
pathways for the child resident would also fall below unity under CT assumptions. In Area 4,
application of CT assumptions would result in a ILCR projection of 1E-6 (at the point of

departure), and a cumulative hazard index below unity.

Although the future land use at this site is unknown, worker, residential and adolescent trespasser
exposure scenarios were assessed in this HHRA. The area encompassed by SWMU 44 is

scheduled to become open buffer space under current base reuse plans.

Groundwater

Of the CPSSs screened and eliminated from formal assessment, none was reported at
concentrations close to the corresponding RBCs (i.e., within approximately 10% of the RBC).
This minimizes the likelihood of potentially significant cumulative risk/hazard with respect to the
eliminated CPSSs.

Central tendency analysis was not formally performed for SWMU 44 shallow groundwater, but
a simplified approach was taken to assess the potential influences of CT assumptions. The central
tendency assumption for residential exposure duration is 9 years compared to the 30-year
assumption for RME. The CT exposure frequency assumption is 234 days/year compared to
350 days/year RME. If all other exposure assumptions remain fixed, application of the
CT exposure duration and frequency would result in risk and hazard projections approximately
80 percent below the RME. At CT, the residential shallow groundwater pathway-related risk
(ingestion) would remain above 1E4 due to the contributions of arsenic and beryllium to overall
projections. The adult and child resident shallow groundwater hazard indices would remain above

unity.
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In consideration of the potential sources of shallow groundwater COCs (and thus risk/hazard
projections), consideration of subsequent quarterly sampling results should be used to confirm or
refute the presence of groundwater COCs. This review will be imperative to facilitate responsible

and sound risk management decisions.

10.1.10.7 Risk Summary

The risk and hazard posed by contaminants at SWMU 44 were assessed for the hypothetical site
worker and the hypothetical future site resident under reasonable maximum exposure assumptions.
In addition, an adolescent trespasser scenario was addressed relative to potential surface soil and
sediment exposure. For surface soil and sediment, the incidental ingestion and dermal contact
pathways were assessed in this BRA. The ingestion pathway was evaluated for shallow
groundwater based on first quarter groundwater monitoring data. Table 10.1.50 summarizes risk

for each pathway/receptor group evaluated for SWMU 44,

10.1.10.8 Remedial Goal Options

Soil/Sediment

Surface soil and sediment RGOs for carcinogens presented in Tables 10.1.51 and 10.1.52 were
based on the lifetime weighted average site resident and adult site worker, respectively. Hazard-
based RGOs were calculated based on either the hypothetical child resident or the adult site
worker, as noted in each of the corresponding tables. Table 10.1.53 presents the RGOs applicable

to the adolescent trespasser scenario.
Groundwater

Shallow groundwater RGOs based on site residents and site workers are shown in Tables 10.1.54

and 10.1.55, respectively.
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Table 10.1.50

Risk and Hazard Summary
SWMU 44 Zone C
NAVBASE - Charleston
Charleston, South Carolina

Exposure Area 1 Area 2 Area 3 Area 4 Adolescent
Medium Pathway Resident Worker [Resident Worker |Resident Worker |Resident Worker | Trespasser
Surface Soil/ Incidental ILCR| 26E-04 29E-05| 3.3E-04 3.7E-05| 1.6E-04 1.7E-05| 8.1E-06 9.0E-07 4.9E-06
Sediment Ingestion HIi 5.4 0.2 6.2 0.2 31 0.1 01 0.004 01

Dermal Contact ILCR| 3.2E-05 1.3E-05 | 4.0E-05 1.7E-05| 2.0E-05 8.2E-06 | 3.6E-06 1.5E-06 | 1.0E-05
Hi 04 0.1 0.5 0.1 0.2 0.1 0.008 0.002 0.2

Surface Soil/Sediment Pathway ILCR Sum 3E-04] 4E-05 4E-04] 5E-05| 2E-04] 3E-05 1E-05] 2E-06 1E-05
Surface Soil/Sediment Pathway Cumulative Hi 58 0.3 6.7 0.3 3.3 0.2 0.1 0.01 0.3
Shallow Ingestion ILCR| 1.8E-03 5.6E-04
Groundwater Hl 33 5
Shallow Groundwater Pathway ILCR Sum 2E-03  6E-04
Shallow Groundwater Pathway Cumulative HI 33 5

Notes:

ND indicates not determined due to the lack of available risk information.

ILCR indicates incremental excess lifetime cancer risk

Hl indicates hazard index

Shallow groundwater pathway risk/hazard projections were not segregated by area.

For each area/medium/pathway, the resident cumulative hazard index is based on the child receptor.



Table 10.1.51

Residential-Based Remedial Goal Options Surface Sail

SWMU 44 Zone C
Naval Base Charleston

Charleston, South Carolina

Hazard-Based Risk-Based
Slope Reference Unadjusted Remedial Goal Options Remedial Goal Options|Background
Factor Dose FI/FC EPC 3 1 0.1 1E-06 1E-05 1E-04|Concentrati  Applicable
Chemical (mg/kg-day)-1 (mg/kg-day)  Factor mg/kg mgkg mgkg mg/kg| mg/kg mglkg — mglk mg/kg  SWMU 44 Area(s)
Benzo(a)pyrene equiva 7.3 NA 1 0.710 ND ND ND 0.06 0.6 6 NA 1,234
Aluminum NA 1 1 17500 218781 72927 7293 ND ND ND 9990 1,3
Arsenic 1.5 0.0003 1 103 65.6 219 22 0.38 38 38 1421234
Beryllium 43 0.005 1 2 1094 365 36 0.13 13 13 ND 1,2,3
Thallium NA 8E-05 1 46 175 5.8 0.58 ND ND ND ND 1,23
NOTES:
EPC exposure point concentration
NA not applicable
ND not determined

Applicable SWMU 44

remedial goal options were based on the residential lifetime weighted average for carcinogens

and the child resident for noncarcinogens

indicates the designated area in which the chemical was identified as a COC,



Table 10.1.52

Worker-Based Remedial Goal Options Surface Soil
SWMU 44 Zone C

Naval Base Charleston

Charleston, South Carolina

Hazard-Based

Risk-Based

Slope Reference Unadjusted Remedial Goal Options Remedial Goal Options| Background
Factor Dose FI/FC EPC 3 1 0.1 1E-06 1E-05 1E-04|Concentrati  Applicable
Chemical (mg/kg-day)-1 (mg/kg-day)  Factor mg/kg mgkg mglkg mg/kg| mg/kg mgkg mghk mgkg SWMU 44 Area
Benzo(a)pyrene equiva 7.3 NA 1 0.7095 ND ND ND 0.30 30 30 NA 1,234
Arsenic 1.5 0.0003 1 103 1305 435 435 271 271 271 142 123
Beryllium 43 0.005 1 20 21745 7248 725 0.94 9.4 94 ND 1
NOTES:

EPC exposure point concentration
NA not applicable
ND not determined



Table 10.1.53

Trespasser-Based Remedial Goal Options
SWMU 44 Zone C

Naval Base Charleston

Charleston, South Carolina

Hazard-Based

Risk-Based

Slope Reference  Unadjusted Remedial Goal Options Remedial Goal Options| Background
Factor Dose EPC 3 1.0 0.1 1E-06 1E-05 1E-04|Concentration
Chemical (mg/kg-day)- (mg/kg-day) mg/kg mg/kg mg/kg  mg/kg mg/kg mglkg mg/kg mg/kg
|
Arsenic 1.5 0.0003 137 ND ND ND 9.7 96.7 967 24.96

NOTES:
EPC exposure point concentration
NA not applicable
ND not determined



Table 10.1.54

Residential-Based Remedial Goal Options Shallow Groundwater

SWMU 44 Zone C
Naval Base Charleston
Charleston, South Carolina

Hazard-Based Risk-Based

Oral Inh. Oral Inh Unadj. Remedial Goal Optio Remedial Goal Options Background

SF SF RfD RfD EPC 0.1 1.0 3 1E-06 1E-05 1E-04 ARAR Concentrati
Chemical (mg/kg-day) (mg/kg-day) (mg/kg-day (mgikg-day mgit mg/l mg/l mgLI mg/l mg/l _mg/i mg/l mg/|
Aluminum NA NA 1 NA 38 16 15.6 46.9 ND ND ND 0.2 0.41
Antimony NA NA 0.0004 NA 00039 0.0006 0.006 0.02 ND ND ND 0.006 ND
Arsenic 1.5 NA 0.0003 NA 0.0153 0.0005 0.005 0.01 0.00004 0.0004 0.0044 005 0.0061
Beryllium 43 NA 0.005 NA 0.0219 0.0078 0.078 0.23 0.00002 0.0002 0.0015 0.004 0.00033
Bis(2-Ethylhexyl)phth 0.014 NA 0.02 NA 0008 0031 0.3 094 0005 0.047 0.47 0.006 NA
Lead NA NA NA NA 0.0198 ND ND ND ND ND ND 0.015 0.0033
Manganese NA NA 0.023 NA 1.99 00360 0.360 1.08 ND ND ND 0.05 0.608
Nickel NA NA 0.02 NA 0221 0.031 0.31 0.94 ND ND ND 0.1 0.0036
2,3,7,8-TCDD equival 150000 NA NA NA 54E-10 ND ND ND 4.4E-10 44E-09 44E-08 3E-08 NA

NOTES:
EPC exposure point concentration

NA
ND

not applicable
not determined

- remedial goal options were based on the residential lifetime weighted average for carcinogens

and the child resident for noncarcinogens



Table 10.1-55

Worker-Based Remedial Goal Options Shallow Groundwater
SWMU 44 Zone C

Naval Base Charleston

Charleston, South Carolina

Hazard-Based Risk-Based

Oral Inh. Oral inh Unad. Remedial Goal Optio Remedial Goal Options Background

SF SF RfD RfD EPC 0.1 1.0 3| 1E-06 1E-05 1E-04 ARAR Concentrati
Chemical (mg/kg-day) (mg/kg-day) (mg/kg-day (mg/kg-day mgit mg/l mg/| mg/l mg/l mg/l mg/l mg/l mgl/l
Aluminum NA NA 1 NA 38 1022 1022 1022 ND ND ND 0.2 0.41
Arsenic 1.5 NA 0.0003 NA 00153 0.003 0.03 0.31 0.0001 0.001 0.014 0.05 0.0061
Beryllium 43 NA 0.005 NA 00219 0.051 0.51 5.11 000005 0.0005 0.005 0.004 0.00033
Lead NA NA NA NA 0.0198 ND ND ND ND ND ND 0.015 0.0033
Manganese NA NA 0.023 NA 199 0235 235 2351 ND ND ND 0.05 0.608
Nickel NA NA 0.02 NA 0221 0.204 204 2044 ND ND ND 0.1 0.00359

NOTES:
EPC exposure point concentration
NA not applicable
ND not determined
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10.1.11 Interim Measure

Site History: The Detachment completed an interim measure in September 1996 which resulted
in the removal of approximately 13,246 tons of coal and a coal/dirt mixture. The interim action
location and sampling locations have not yet been surveyed. Figures showing sampling locations
and the removal action boundary will provided under separate cover. The interim measure was

based on a “visual” removal and no confirmation samples were collected at that time.

Confirmation Sampling

Nine confirmation soil samples were collected from O to 6 inches depth at nine locations. Only
the surface interval was collected because during the original sampling event only one of eight
subsurface soil samples could be collected because of the shallow water table. Soil samples were
analyzed for metals and semivolatiles. In addition, groundwater samples were collected from all
SWMU 44 monitoring wells and analyzed for metals and SVOCs. Monitoring well NBC-044-008
was also analyzed for pesticides/PCBs and VOCs due to concerns at nearby AOC 700.

The report previously provided residential remedial goal options for benzo(a)pyrene equivalents
(BEQ), arsenic, beryllium, and thallium which were the risk and hazard drivers in the soil at
SWMU 44. The confirmation sample results have been compared to the RGOs to determine the

effectiveness of the removal action.
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